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fhe -two p a r ts  ®f th i s  th e s is ,  though tre a te d  sep a ra te ly , 
a re  closely: connected, and, i n . severa l' p a r te ,  the .two subject© 
a re -d e a lt  w ith together# -;fhe oh jeat ©f th i s  in tro d u c tio n , 
th e re fo re , i s  to shew the reasons for. considering the  fe n c h y l.
alcohols; to  he s i® lia r  to  the bornablsy.-ta* b e rn eo l' and isobome©!*
■ ■ ' ■ ■ ■ '  ■ /  ■ ■
.;."fhe paren t ketones, "fenehen© and ©amfehor, a re  s im ila r  .in ...
c o n s titu tio n  "and when .' these  ©©mpounds are  reduced, they  .each
g iv e :.rise /'te  two a lcoho ls  which.;-./it i s  suggested in  th e ‘
follow ing th e s is ,  a re  ©is*, and trims*, isomers# ;.?©n©h©ne g iv e s ;
’ pc and |2> fendbyl a le  oh ©Is ..and ©asphor. gives. ■l.opieol. and isohoraeel#
fhe 'respectif©  products o f . 'dehydration "of^these-..alcohol
the fenchenes^and ©amphene.-and .borhylen© can he accounted fo r  ; .,,
;by the'sam e' theory in  each e a s t , and the produetion of isofencbyl :
' a lcohol irom ienchme i s  on id e n tic a l" l in e s  with. the '.production ' .
of isobom eol. fro® ■ eamplien©* ' A lso," fenchem , m : treatm eni w ith
‘ - ; ^ot „ - . . ■ • : :
ac id s , does.-give o f fenchy l a lcoho l for- the  • same reason th a t
' ©amphene,' under - the same conditions,, does not' g i f t  berneol# ■ .ry
tfhea we examine th e  normal, a l ip h a t ic  e s te r s  ■ of t h e : fenchyl '
JL* ■ ' k ■,' ; • •
'iialeohols-and of the borneols,. we f in d 'th a t  the  0>L fenchyl e s te r s  * 
and the  p  fenchyl esters-co rrespond . resp ec tiv e ly ,, to  the bom yl 
e s te r s  and the  isoboray l e s te rs#  ..ih is  is .-p a r tic u la r ly  n o ticeab le  
ini' the case of the sp ec if  I© ro ta to ry  powers., which, when - .
p lo tte d  ©gainst the number o f  carbon - atoms in  the  acy l chain, 
g ive . s im ila r  curves1 in  the  cases of .theoC fenchyl and bom yl .. . -
e s te r s ,  .and in  the *■-cased of the [i fenchyl ;srsd isobom yl. e s te rs#  .
fiie curves connecting ro ta to ry  power and tem perature are  Tory
. * -/■ %
. .:*•■ i. %.
s im ila r .in-fo iei, in  the  cases of a l l  the este rs#  Also, the 
d isp ers io n  r a t i o ^ ^ 1 has an average value of 1*70 for  a l l  the •s SiiA) ■ '
e s te r s  of fenchyl a lco h o l, borneol and; isoboraeol* " -
R r\ *■ On the s tren g th  of i t s  r e la tio n  t© p  fenchyl a lco h o l, and 
fo r  o th er reasons, 1 ©©borne©! is. considered to  possess a
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a r ia s ' owing-, to. tlia f a c t  th a t  .the camphor molecule i s  more 
symmetrical th an - th a t  of fenehomes* ,
CHX-: <Lo , ...... .. ,CWi~ e^WA— C©\ |K I I . dHv. |
— c+j  ------
Camphor ' '' fenehohe
; ■■£» camphor, the'asymmetry.:of the molecule depends'on the \:
>00 group! in  femchone, the^CfCH^) group, in  a d d i t io n 'to  the 
>C0 "group*' »ake i the  compound'' asymmetrical, 'and g ives r i s e  to 
the p o s s i b i l i t y 'o f  a  s t ru c tu ra l ly  'd i f f e re n t  ketone, Isofeaehoae, 
which ought to  give* oa reductl&n* feurlscm erio  Isofenchyl alcohols# 
th e re  i s  no p o s s ib i l i t y  of "a s im ila r  compound ia  the case o f . ! 
camphor# :
these.- f a c ta  a r t '  considered .in  d e t a i l  in  the fo llow ing ' paper*
problem. of i t s  c o n s t i tu tio n  been solved'.toy synthesis  and toy 
exhaustive examination"of i t s  degradation products* But even 
now, on the toasis o f  the. proven formulae fo r  fen chons, fenchyl 
alcohol and the feitchenes*' i t  i s  d i f f i c u l t  to understand 'the  
rema. rkatole in tra a o le c u la r  changes which taice p lace  when fenchyl 
alcohol i s  dehydrated, to- give fendhene ©r a mixture of lsomerlo 
fenchenes*. ■
The c o n s ti tu tio n  of fenchone/ie a t  p resen t represented toy. 
the formula:* '
Chx— c h  —  c(c h 3^
I
OH
— C COO
which was proposed toy semmler (cl^ z^ ^ o^  , -’and ' supported toy the' acj \"M3
work of Bouveault and Xevallols#(CompW Bends* 1908, 146 180- )  
who prepared'dihydrofendtoblenam lde:* '
I \ ij2-
1 ..C^x
^ x . — c ( w ^ ~  W N H j. 
toy the ac tio n  of eodamlde on fenehone*
Venchone, i t s e l f ,  has toeen.synthesised toy Bussieka, (Ber*l91?
50,1362*)., le v u lln ie  e s te r  and toromacetic. e s te r  toeing condensed
together .toy B eform atskys.reaction :)
CHZ— Co.CH-* ^ - r d W ^ t O t ^ L r .  — C C o ' O <L(rC.^ Jr
I >■ 1 >
L H X —  t C -C  X r -  H ..C -  C o
vu.c-  cj^ cw ^  c ^ s n  ii,x -  c ( a ^  t ^ n
va*  1 ■ \ ^
il,.C- •• il-f-t Or* HX -  exon -  co
t V C - d S H ^ t r  VUC. -  C (c ^  wof*- Ha C. -  Ctcn).
 ^ ciw.3. ^ - 7  j ^  » | Ahx
hX-'c^H)at tr t-tr  VV2C_ c= Oc\. *-*0 ci-*r K C, — CH. C.X C rti'tt
CX , ^  v\<:- -  <^ 3) -  V0
in  V ^  \ <4-  I c«T ■ \» ( „ A,. „T I I  ^ » * 1
Hv t  -  CH — C M % HJL  —  CH —  O i i H ^  HXC. -  CH  —
OH
CH
these formula# are constructed .on a three, dimensional b asis ....
and must b# viewed m  i f  in  p e rspec tiv e ; the reduced bensene - 
ring  l i e s  in  a plan# at r ig h t  angles to' th a t.o f the paper, each 
carbon atom in  the ring  has two res idua l linkages which are. 
jo ined to  the d i f fe re n t  groupaV and these p a i r s  'o f  bonds are  
rendered’by v e r t ic a l '  l in e s  a t  r ig h ta n g le s  to the plane of the 
ring*' ’ As the power of free  ro ta t io n  of the carbon atoms ’i s  
hindered by. the fa c t  of. t h e i r  being linked to  a r in g , the space 
arrangement should bear some analogy to  that of the doubly linked 
carbon atom, and th e re fo re  exh ib it ci$  and trans isomerism,.' 1® 
the isomers should show the. d ifferences in  p ro p e r t ie s  .which. 
'Characterise compounds of the m&leic and’fumarie acid type*
formulas $&) and (e ) ,  ©n r e f  e r r in g , to  the diagrammatic . 
arrangements, can be#shown to. b# the same, also  formulae (b) 
and (d)« But, ;taking'.(a) and (b), i t  can be seen th a t ,  in  the . 
case of (a ) , the hydroxyl group i s  on.the opposite eid eof.the  
Indcdgadxhaad: bensene ring  to. the bridged bond, whereas in, {b) 
i t  is..on the sail# side* '’This i s  c lea r ly  a case of..cl's and irans 
isomerism and i t  i s  suggested, that the oc,. and p  fenchyl alcohols 
which are described la ,ta r, ' correspond to  these  formulae*
The methods of d istingu ish ing between cl© and trim s isomers 
are many and varied* the c is  form i s  distinguished by i t s  
g re a te r  s o lu b i l i ty  in water and lower m eltlag  p o in t:  t h e ■elements 
of water can more e a s i ly ,  in general,, b# s p lit  o ff  from a c is
0 " /O v4? C, w h ils t  t l i e p  alcohol m elts a t  3*4 C# But there  i s  reason
to b elieve th a t  one of. these alcohols dehydrates to give a
hydrocarbon« more e a s i ly  than.the other# Buying the reduction
of fen eh one by the Sabatier ca ta ly tic , method*a sa tu ra ted
hydrocarbon*(whose physical.constants, corresponded with those
of fenehane^ was produced# t h i s  was assumed .to have, been fonsed
from t h e : unsaturated'• fehcheae which would be. produced by,, the .
% 99
dehydration of the 73 fenchyl - alcohol* ... Xt was'found, that under
„ ■ ■ l o a s  ■
sim ila r :conditions#: the °< fenchyl. alcohol'4&d not dehydrated. A 
sm all:amount of/3 fenchyl alcohol was i so la te d  from the reduction 
product o f 'd*fenchone*
A conclusion# possibly# can b e ;deduced from the formulae .,
proposed fo r  ^7 and 73 fenchyl alcohols?*. W u I hi
H | b 'Y
»Ch3 . IohC*'») £H3 H
In formula.'(a) * the hydroscyl group (11). and the hydrogen 
atom(1 ) 'are on the same side of the benaene ring  and the hydroxyl 
group i s  in 'c lo se  proxim ity'to the hydrogen'atom;'in formula (b) 
t h i s  i s  not the case# th ere  i s  thus a g re a te r  tendency fo r  the 
alcohol (a) to  dehydrate# producing a hydrocarbon w ith ther formula
2 -  CU-v^ -
th e re  would'be a very g re a t  s t r a in  in 'th e ' ring ' i f ' th is  
arrangement existed# but :it" would'probablp- Change to a more s tab le  
form t h u s :* '
C.CHa
>\a —|— cai
\ .O^
CM
C rt— .• • ~
I <L*t .V i3 •n^7M.C, \
ciuorxae.ie obtained..by mixing phosphorus pentach loride  and 2)-JU 
fenchyl alcohol in  l ig h t  petroleum a t  low temperatures* This 
chloride* on treatment with aniline# g ives ^  fenehene# ' (called
by Wmllach B*l*fenchene ) * , I f  the .reagents are  mixed and warned
011 a water-bath# a dextro.fenchyl chloride  is. obtained* which y ie ld s  
" n "(5 fenehene (called, by Wallach .D-d^fenchene*) * Both these
hydrocarbons have been synthesised# and a lso  t h e i r  oxidation.
products have been examined# potassium permanganate so lu tion
ox id ises  them to the corresponding o< and/^ hydroxy*fenehenic
ac id s# ( fmll&'ch# .Axm*18®8 3QS.#371*87•)»
: cm —  chH  ^ .. cv^z -  — c
\ | oC jenthen-e.. — | c^ clh^  ]
 (L^Wj —— C ‘. (hH^— c^ H - — . tJr\^
This, on fu r th e r  oxidation* gives «* ^  ^hcA\**ic acAc\.
— C7h  CTO
\ . 1  ->  ' cU. ^ en ck ccam ^K o rf lh -e .
(U ^—  (Lh —— prlo..-.
. S im ilarly  with f& fenchene s~
C/cf-V-N — dtf — •* (U-i -  e(0H) 0 -^  H
\  ^ ^ | (^ H2 ^
ChH^  ----- '-- Cm ' — ' CL'.CM^      OH —
y3 Jiy<Aroyy^nci%e.nic_ 0 c,vcl.
c.(oHnA -  an  —
 2s> ^  . ■'U. . \
\  "  f  s
C.H-, — - OH —  C h2 A  1^h^oaamivK»ron« . .
A ll these formulae have been.verified* so th a t  the co n s ti tu tio n  
of the fenehenes are  f a i r ly  well established#
cT. 'fenehene#- on treatm ent w i th . sulphuric and a c e t ic  acids 
gives isofenebyl acetate* from which isofenchyl .alcohol can be 
obtained# . On oxidation# th i s  alcohol g ives a hstone#’ isofenchone i f
C > V{ / - /  C_ ~  C,H — C-Hx (c^3^) C —  CM -1 77 I : t )
Cm  — c_ •—■ cm  o h
ck,- CVS,
«%-£»$» '-N 1 * ©UvliCMwi VUX'U J ^9’ miauy A. .&.AV uuva *
I I  • •
fb f m z h m ®  a i m  g i T#a isofen clay X alcohol on treatm ent with .■
*
■ organic ac ids and" subsequent hyM olysis# b u t ^  fendhene.is  •■ ■ •■
i i  ’»
probably formed- f i r s t t .- since/'?* fenehene# on treatm ent with ■
., .. •*
m in e ra l-a c id s# 'is  converted intec< fenehene; the  c< fenehene 
then re a c t  a to  for© isofenehyl alcohol#-' ■■•■; ■
the  changes oceuring may he represented by the following 
rea ctio n s;* ;■ '
,C H (X
OH
Ch
CH.
C,= CH.
c h .
CH
cjk
fenchyl ch loride ^  fenehene hydro chloride 
. A ls o
1 \C M tSL  
1 CH, |
c 4
oI fenehene
CH
fenchyl chloride
C -  CH-
. .  •* CM
/3  fenehene
Sim ilarly  $ the change fro® fenehene to  isofenchyl alcohol 
C, -  CH^_ < ^ > '0
CH,i-----1—=v I ' \CH-
1  c !h  1
«» •* Chi
o< fenehene
aC \ l
Ch
isofenchyl alcohol
* m  •* « » n 
Configuration of the oL and (6
f h i s ' l s  a complicated matter# since fenchons possesses two 
asymmetric' carbon atoms,''and, when reduced- to  fenchyl-alcohol
another asymmetric carbon'atom :is-produced# Since the'number'of
nstereoisom ers is'-given'by the expression 2" # where n denotes 
the number" of asymmetric atoms# fenchyl alcohol', ought - t o : ex is t  • 
in eight"stereoisam eric forma, corresponding'in pairs with four 
i n a c t iv e :compounds# - Since fenchone i t s e l f  contains two- 
asymmetric atoms, i t  ought to  e x is t  in  four o p tic a l ly  ac tiv e
v /  K TV H i  ^ -
i t . can tot seen t h a t : there. are  only’•■'two,: atereoieem eric arrangement*
in  which ■ fenchone can e x is t ,  and these rep resen t X*>fenOhone and 
d*fenchant*,' I f  the. p o s itio n  of the  )>C0 group I s  changed w ithout' 
changing th a t  of the C{CH3) group, a  d if fe re n t  hat one i s  
obtained'**. ■■ -
d H
C o
CH
H
h
‘<L
e x is ts  In two' o p tic a lly  forms* inch of these forms ought to
give two isofenohyl alcohols*
fhuo we hare the  following- compounds produced :•■■..
fenehone . i  eef enchone
. r .: ..r , 4  , . . .
; d&l^fenohones . - d&lisofenchones
O&l^ol fen clay X ales* d&l-ft fenchyl •'a le  a , ^
d&I^dC iaofenohyl alas# d & l - 1 oofenchyl &lo»
In 'th is  th es is  only two of the fenchyl a lcoh o ls■. are .dealt with* 
Starting f t m  which* obtained from fennel o i l ,  ■■•
hehates as a homogeneous compound,.two alcohols only were: 
obtained 'by reduction*' Both these alcohols had laevo rotations 
and tooth .gave the same Ketone* 4Ufenohene,’"0n" ox id ation ,' whidh- 
was id en tica l with the dkfehchone used as starting point* -
With regard to  the r e la t iv e  configurations of .the a lcohols , ' 
tooth have laevo ro ta t io n s ,  ye t each,as i t  has-been shown 
prev iously  from stereochemical considera tions , must co n ta in --one 
asymmetric cartoon atom of opposite configuration* Usually, the 
two is o s a r ia  a lcoho ls  produced from an o p t ic a l ly  a c tiv e  cyc lic  
ketone in  th i s  manner are  o f  opposite sign o f-ro ta tio n *  f o r
reduced, forms..two .tanacetyl alcohols of d i f fe re n t  sign of . 
rotation*' A further'.analogy/may be mentioned in  the ease of
the eomTergloa of |_-»oaaiphorlo h o ld '{ th e  ^ I s - l s o a e r l ^ t )  Into- :: 
JUiseeamphorle .acid ( t h e : tramg-lscgaeride} *(Agdhan, ,1*1901,3X4, l$d*) 
'Considering .the following system .t*
•■ d*fenchmie- - . l*fenehone ■'■
&*f enchant" a cusp 18% C& «* f  On eh on e complex ( l»fenahene Cl*feadhoae
< \ complex ■ I complex.
u  ck(q5) a? m { m )  y )
Y ^ -  • * ,  ( i -
d^fenChone . l*fenchone
I t .  i s  s e e n 'th a t  compounds (a) and (b) corresponding to 'c^
s \  • '
and A fenchyl a lcoh o ls , do not possess opposite configurations
/
since the &*fen Chene complex i s  presen t in  hoth of.:.the a lcoho ls , 
th is  being ..shown, by ..Its reappearance*. in  both caaee*. -with the : 
o x id a tio n . of .the alcohols*. ■ The same app lie s  .to the a lco h o ls - 
produced by the reduction of 1* fen chon#* ..-Thus the pairs, of 
a lcohols  possessing opposite  configuration are  (a) and •(©}. and - 
a lso  (h) and (d )« Hence oi and'/I  fenchyl a lcohols cannot be , 
compared w ith .resp ec t to  configuration* Kenyon and Pickard '
{ d*C*3*19X5,10?,35} hare shown th a t  the c h a ra c te r is t ic  diagram., 
{Armstrong and walker, l ?roc *Roy»see *1913» A,88 ,38 a *} fo r  l_*menthyl 
deriTatlTes sa rre s  a lso  to  co*ordinate the ro ta to ry  powers of- 
d*neemehthol' and i t s  deriT a tlT es: t h i s  has been found .to be the
rt "
case with the fenchyl a lcoho ls , s in ce 'th e /^ a lco h o l and i t s  
e s te r s  f i t  on the same diagram as the c< fenchyl alcohol and 
i t s  deriTatlTes* This might be expected since, in  the f i r s t  
case , the l*meathone complex i s  present in  both J^meathol- and 
d*neomenthol, and In  the second case# the .dyfen.ehone complex : 
i s  present in  the-o< and (6 fenchyl alcohols*. ■
ok fenchyl ■ alcohol 
■" 'fenchyl- formate
tv’ ’-fenchyl a c e ta te
. ^ . 1
•15.04°4 ' j^feacljy l alcohol
*89* 67° 
*7 5 *75*
fenchyl formats 
;fen ch yl.aeetata
«SiUo\
* 2 7 .9 7
• 1 2 * 8 8 “
-16.90°
I t  can he seen th a t  the  po tatory  power of the  ok formate i s  
very much h ig h er  than th a t  e f .th e ’ok a lcohol, hut the ro ta t io n  
of the fb formate, i s  lower ...than the cor re  spending value for the 
/£> alcohol* Also the  ro ta to ry  power, of the 'ok.acetate is . lower 
than the retatpry power of the corresponding formate, w h ilst 
the rotation  .'ef/2 fenchyl a c e ta te ' i s  h ig h e r 'th an  th a t  of the/3 
formate*
fahing the k^ in  so lu tion  f o r  the fenchyl alcohols'and some
of t h e i r  estersi*
C<
"c>k fenchyl alcohol (in ale*) -IS #37 ./Syenohyl alcohol (in ale*) -26 *3  ^‘
” fenchyl ’p -a it rebornsoat# -19*6° fenchyl p-nitrobe»a©&te +18*8 6
- fenchyl hyd. ph th&laie . +27*0° *• fenchyl hyd. phthalate
/ »» *•
Again, in  the case o f  the ok fenchyl alcohol and i t s  e a te rs ,
alcohol and carbon disulphide a s 'so lven ts, hawe depressing e f fe c ts  
on the rotatory powers, the l a t t e r  hairing the more depressing 
e f f e c t :  the  ro ta to ry  powers of the/3, a leeh o l.an d -its . esters. are 
-affected In 'p r a c t ic a lly 'the reverse manner: earhon disulphide 
enhances the  rotatory powers and alcohol depresses them very
s lig h t ly  3-
fenchyl a lcohol 
(3> fenchyl alcohol
ck fenchyl -formate- 
"(3 fenchyl format©
ok
on I
16 *04
a? *9?
61^ .41H oO- 6
>89*07
1 2 *8 8
M
w /hul.
...-16*57.
—2 6 *2 3
- 8 0 * 8 0  
» l i  pr# 4
Sqt
\m c s a 
- 6  *8:0
«Sc*t|
-38*27
- 7 2 * 5 1
- 1 5 * 7 9
A fu r th e r  example of t h i s  e f fe c t  i s  found i f  the
o k alcohol,m elts  &t4S.C a M ■ T a lu ii  f$ r  the s p e c i f i c .ro ta to ry  ; 
power© a t  20 and 40 are  only obtained-toy. extrapolation*
,r$hen an 'e x tra  asymmetric cartoon, ate® i s  produced toy .the 
reduction of fenchene.te  fenchyl. a lcoho l, a t  the same ..tine* c is  
and t ran s  isomerism i s  produced l a  the re su l t in g  fenchyl . a lc o h o l . 
I t  might- appear, a t  f i r s t ,  s ig h t ,  taking in to  account, tooth the , 
c | s  and t ra n s  ,isem eri© h i . e f fe c t  aM the .additional, e f f e c t . of ; the 
new a symmetric cartoon .atom, th a t  more .than_ four, iaomeric .fendhyl 
alcohol© should ..toe produced fro;© f  each one* ■ these  e f f e c t s , 
however, can toe shown to 'toe co-*incident* For :exaaple, take a 
hypo the tica l cyc lic  ketone ef.-the terpen# s e r ie s ,  possessing an 
asymmetric; cartoon atom» and haring  a simple, co n s t i tu tio n  i n  order 
th a t  the changes can e a s i ly  to® followed;*
H QjJ
Crtj
\ ^
0  = C / h h « O c*
■- h  . h  . .  , .
$he asymmetric cartoon ate® i s  denoted "toy Q i th e re  i s  no
p o s s ib i l i ty  of c is  an d 't ra n s  isomerism in  th i s  compounds i t  only
e x is ts  in  d* and Inform s#' On reduction , the-a lcohol given'below
i s  obtaineds« ,® (LH-,I | b
n c —  c  CHv
e'H *  (« )
H H
.- M o ther 'asymmetric" G' atom' (B) "has been introduced toy'the red- 
'*uetioh and the same step in troduces t h e 'p o s s i b i l i t i e s  o f ' c i s '1 
and tra n s  isomerism, tooth, o ff  se ts"  thus' cc*inciding* v With two 
asymmetric 'cartoon atoms"in the o r ig in a l  ketone, the change i s  
very sim ilar* f o r  atom (A)'to'toe i n i t i a l l y  asymmetric. I t  must’ 
have tw o"dissim ilar groups a ttached  to  i t s  two fre e  linkages, and
atom . (B) has two d is s im ila r  group© attached autom atically  when
\  ■ - \  / H  ■■■■ tlx® >0*0 group i s  reduced to  )Q{ * Taun we obtain geometric
. '  /  X 0H :
isomerism
' I t i s  po ss ib le  .f or menthon® to  e x i s t . in  c is  :&nd. t r a s s  v
isomeric./forms*' but t h i s  is- not the  oast with fenehe&e# Also
by su b s t i tu t in g  1 fo r  '.either ©f the groups (a).© r J b )  in menthcne
one ©f the asyM etrio.-oarboa atoiBs would disappear: th e '
asymmetric: carbon atoms in  fen ©hone# .however* are  both in tim ate ly
coBnected-with theVgromp'-*CI^'whioh fom® the bridge across t h a 'y
ring  and".fifty Change , in  groups,/whlsh does not a f fe c t  the-.bridge
a c ro s s ’ th r. r in g * . w i l l  e i th e r  m^ k® .both' asysae tri© ' C atom#- •
disappear .or a f f e c t  n e i th e r  ©f 'them* t h i s  i s  an .-.argument fo r
assuming''that the ro ta to ry  powers o f  fenchyl compounds''are 'due
to .a ©e^pl-ex a s y w e t r i c  e f f e c t# r a th e r  than to. a ;couple of :;
separate  e f fe c ts  due to  -the two asymmetric atoms# ( t h i s  po in t
w i l l 'b e  discussed p la te r# } , ' * /  ’ - L .L -
, fhe s im i la r i ty  in  .s truc tu re  between camphor m i . fen chon a
i s  more no ticeab le :*  '■
C-H — — d(^HA -
I \ Caifn^Wor | 1 FencKc>-i
CxH^- c(c^^)_ C-xd . r Cl(O-t-y-Ci) I; :
Wbca-w* consider tiia c©Trespondln§ tsrpeiiea* caapisn# and
oC fenchenet"' produced from -borneol amdoC fenchyl alcohol /
respectively  > ■ _ \  ,L' ’ -V :-•
CHZ — OH — O : C^ HX CUi C_ '-CH^
| CH-  ^ | (Lam \-\bivvO I \ ^  V"e.t\cb
-  oh — ’,. ■ ^ z —  OVH — ^
i t  i s  found th a t  these also*, a re  s im ila r  in 's t r u c tu r e  and bear' 
the same relation® to  'one another -that e x is t  between‘ camphor -and 
fenchone* I t  was thus f e l t  th a t  ..an exam ination 'of the o p tica l  , 
p ro p e r t ie s  of the bom yl and’ isobornyl compounds.' would tend to 
throw l ig h t  on the re la t io n s  ex is tin g  between the fenchyl alcohols# : 
t h i s  work i s  "described la te r#
Camphor and fenchon# d i f f e r  somewhat in. t h e ' respect th a t  the 
asymmetry of the camphor molecule depends on the presence of the 
ketone'group*. whereas th a t  of the fenchons molecule does not* I f  
camphor i s  reduce© • to ©aMph«*i»e* why,& compound i s  found to be 
inactive*  '
of e s te r s  corresponding to two e ls  and tra n s  I eomer s #/ Between 
the l im i ts  of the conditions employed, both se r ie s  .'possess simple 
r o t a to r y 'dispersion#
■ ■ the formula ’o r ig in a l ly  proposed by M ot-for-op tica l. -.... 
ro ta to ry  d ispers ion  -wasi*
. . ; k
" A  "  X -
h a t ' t h i s  cannot he ' applied to  substances which. ex h ib it  anomalous 
'ro ta to ry  d ispers ion  § th a t  is#, sub s tances», the ro ta t io n s  of which 
do not increase  with ligh t- of decreasing wave-length* Drude 
has put forward the fo llow ing:-
-  £  w ‘A 1- -  A.
where i s  the ro ta to ry  power of the substance fo r  a given
v  4 ovti \n a n t
wave-length ^ r e p r e s e n t s  the wave-length of th e ^ u l t ra -v io le t  
.absorption band possessed by the compound* The number of terms 
in ' t h e  .-equation'depends'upon "the number of absorption bands in 
the  .compound! thus a two*teria Brads equation can be represented 
thus W,
oCx -
A  /X .' f c ' - x ,
■ The constant® A t \- ' t determine the d ispers ion  e f fe c t  in  any 
substance and the constants k0, V\ # determine the magnitude of 
'"the'-rotation :
. :f o r  a  substance showing simple ro ta to ry  dispersion*'we have 
the-fo llow ing 'expression :*  -
^ 2 1 1  =  y  k 6 _
Si+(i ( ’ / \ o J  s t> I ~  A. 6 ^ t
. I f  / \ ^ \  $ th e ’ above 'equation w i l l  have a minimum value
when A.^0* -is* - ■ '  =  ; I'ETT®!
*  su.ioi 1 I '
: Lm ry  has proposed a-' te s t*  to d is t in g u ish  between simple 
and complex.dispersion* The Brnde equation fo r  simple ro ta to ry  
d ispers ion  1st*
■2c <  «  —
/ V -  A
ww^ wMuuvio »«. x-v i« *a. w v .r^  u is^grsiun  cer^aiu-ty a.o
giw©; result*  which f i t  on a straight line* “but, unfortunately 
seme- compound s . whose dispersions are only fu lly  -.expressed “by an 
equation of two,, term a i yield , a curve indistinguishable from a 
straight line* unless the observations hare ."bean pushed into  
the u ltr a -v io le t  .by' the use of quarts- apparatus* ■ ;
■/ ■ : Hunter*' in  a paper not 'yet published* has worked out , 
th ecretica l examplesz he h a s ' taken' fou r; eases of the 3>rude 
equation
—■
(1) One term only* ■ ■ c< =
* •* -. ' ^  k(I f)  fwo.texms of .the game'sign* * ~j^ 'Z “+"
{ i i i )  fwo terms- of opposite sign . : oC. =■■ T ^ l v 2-
(It ) fwo" te rn s  of &  opposite - s ig n * - '.’ ■' -: ' • \ \ / \ b ;
’ <5_ h ^  ^
:- In esse (iv )*  i t  can he shewn th at'a  lin ear  curve i s  not ' /  ° ; 
possib le* ’ In cases ( i l l  and' ( i i i )  t when, the; values fo r '1 ^  end 
A!*are plotted#-th# curves .only d efla te  from the l in e a r  in the , 
ext rm  © u l$ ra*vl e l ••t  *;
*Z -
the values 1/^' and \.h&ve heen p lotted  against one another in ,.. 
the eases of tha fenchyl a lcohols and' th e ir  esters* and* in every 
,.case*, a*linear-curve has been obtained* Binee the .investigations  
have net..been. carried w ell Into the u ltra  v io le t  in every case, 
the ..only test, of .complexity remaining i s  the dispersion ratio*
~r-~  * th is# ■.as a.- s c ie n t if ic  measurement*, f a i l s  to meat the
-requirements of .a  standard* and is' apt., to be misleading* on" 
account of the small d ifferen ces" in -ratios “being' e ither
M **
neglected • or re l ie d  upon too much* In  the cases of ;“the ol^ -and /3> 
fenchyl a lcoh o ls .and th e ir  esters# the value fo r  the d ispersion  
ratlo.n—7 ”li©§ “between the l im its  'of i*6b and 1*?S* under theVA «S4fe I
various cond itions'employed*
op tica lly  acts.?# este rs#  ©Ten taosc -o* . bjub#*? v«WOv*vWv .« . ,  
e x h ib i t '■ complex .rotatory d ispers ion#1 either' under a l l  conditions 
o r under c e r ta in  sp e c if ie d .condition**-eg*'at high temperatures 
o r in  solution* Cemplex dispers ion  Bay a lso  fee".due# in th e 'c a se  
of compound*" containing ©ore' than one asysasatrio carbon -atom*' to  
the  superposition  of two' o p tica l  e f fec ts# ' 'th e  p a r t ia l ' . r o ta t io n s  
produced by-the two'-or'more'aeyrnmetriC centres w ithin  the . 
ac tiv e  molecule* " This# however# ■ seems t o be'disproved'by the " 
fa c t  that .'the'menthyl*.:bomyl-end. fenchyl esters#  containing-' 
th ree  - asymmetric carbon -atoms# possess s im ple-ro ta tory  d ispersion  
under a ll-  the conditions studied#.' A possible- explanation' of 
t h i s - i s  th a t  the "asymmetry ■•■of the .texpenes.'is -of form#.' and not 
d i r e c t ly - concerned with individual asymmetric carbon atoms# ie* 
the  terpens molecule behaves as an asymmetric- complex! in  th i s  
case# - the carboxyl - group•might not produce such -a - g r e a t ■e f fe c t  
as i t - doe*-in the  c a s e "o f .a.compound- of simpler constitu tion#  d 
sec*-, octyl::acetate# fo r  example# which shows complex dispersion*
;; t h e . explanation of., complex d isp e rs io n . i n . the- case of :esters, 
i s  connected-with th e ' valency-of the  oxygen-atoms in  the '
■carboxyl group# usually  w r i t te n ! -  - -. - ■
: -  o f
, ,;.,N OS : -  "  ■■■
There Is  ■ some, evidence which suggests t h a t ' under - certain conditions 
the oxygen.,atoms e x e rc is e . th e i r  supplementary valencies# and the 
carboxyl.group under these , eircumstances# i s  perhaps- b e s t ." 
represented .by the f  om ula t* ■
. ~ 0 ^  (&m«4U)!. tq o q  . ofi
I t  w i l l  be re ad i ly  accepted th a t  change*.'of temperature' and the 
action - of.so lvent*  would be l ik e ly  to  convert'one fe rn  in to  the 
other# and so bring about a change in  ro ta to ry  power*
We should expect dl»ba*ic e s te r s  to  ex h ib it  complex 
ro ta to ry  dispersion# which p e r s i s t s  over a wider range of
That th i s  la  a c tu a lly  the ease -..has been shown - by Hall# { 1*G*S*:- 
1923 #123,33»} -in - the ease of the '; a s te r s  of ■ d ^ o c ta n o l " and some 
s a tu ra te d .a l ip h a t ic  di»oarboxyXie a c ld s t  the®® e s te r s  exh ib it  - : 
complex ro ta to ry  d ispers ion  under a l l  the conditions-studied*
. . I t  :.|a noteworthy# however# th a t  „ - the e s te r s  of 1-menthol- •••••:
&n& the  sa tu ra ted  dl*carfee.sylia ac id s# • prepared by the game ■ 
in v e s t ig a to r  { 1*0*8*1923,123,105*) e x h ib i t■ simple ro ta tory ' 
d ispersion  under a l l  the.-experimental, conditions s tud ied : the  
ester® -are s im ila r  in  t h i s  respect to  the.mono- basic  n-a liphatiC ' 
e s te r s  of .menthol*, beraeel and fenchyl -alcohol, though the e s te r s  
of l#isopulegol: show complex ro ta to ry  dispersion- a t  all..-'
o o
temperatures: between-10 C: and- IdO 0# and a l l  of them show • 
anomalous: d ispers ion  a t . ordinary tem p e ra tu re s* T h u s  i t  seems th a t  
th e re . i® an important d ifference 'betw een th e -o p t ic a l ly -a c t iv e  : • 
compounds. of the terpens. ’ s e r ie s  * - and. compoudds of - simpler 
constitu tion*  as- stated, before* ' I t - i s  .s ign if ican t ' "that in- • ••
the c a s e . of the aieathyl di«*earbexyXle. es ters#  - i n ; sp i te  of the
—■ COOSf a c t . th a t  the,:. ^  group• contains, two .p ass ib le  cen tres  of 
isomeric •: change*. t h e . e s te r s  show simple dispersion# According;
to ' t h e  Annual Bap# 1923 #18 #*■ these  fa c ts  'seem to d is c re d i t  the :: 
hypothesis th a t  - complex - ro ta to ry  dispersion" i s  an inheren t ■ - ' - ■ 
property  of the>cO0H|B) group. % . ■" ■
-.• When: we consider the f a c t ; th a t  - the v i s i b l e ■ p a r t ’, of the 
apectrum"forms such a- small p a r t  of • the whole# i t  w il l -  be- 
appreciated  th a t  measurements o f ■ro ta to ry  d ispersion  confined 
to- the v i s ib le  spectrum#-: possibly* give a misleading impression • 
o f .the form o f . the d ispers ion  curve* - At present# - our only 
reason fo r  s ta t in g  th a t  some compounds possess ' ' simple d ispersion  
i s  .'-that w© have, not -been - able to  d e tec t complexity within-'the . ■ 
experim enta lrange of conditions, studied* '
m olecular ro ta to ry  power#' of th e ’ homologous s e r ie s  o f  oC f e n c h y l '  '
value-
a s te r s  seem to"tend t o ' a' - constant^ but the e f fe c t ' is ' masked by '
.irreg u la r itie s  which-ean he detected  on se v e ra l5 of the 'curves*
fhese a b n o rm a li t ie s 'w il l  he discussed l a t e r '* ' '
1 p rankXand, { '«f#C#3#ia?9i25>36S«)s&ya ^According to- the '-""
. ooiameaiy accepted r i m e '-of s i  ere o c h m i e l t y  a "coaiiaaobs' chain '
of f iv e  carbon atoms w ill ' a l l  - hat. re tu rn  upon' i t s e l f  and# beyond
th is,, f u r th e r  add itio ns  to  the ch a in . w ill" leadv to ' such in te rfe ren ce
as  mm% n e c e s s i ta te 1 a' readjustment of the exact p o s i t io n s  •'•
occupied by  the atoms in  a sh o rte r  "chainfU ' lie adds th a t  t h i s
stereochemical change'’ might probably he 'detected .by i r r e g u la r i t i e s
in  the ro ta to ry  powers of any substance in  which the 'change 'takes
place* : •Ihus a substance contain ing  a 'continuous"chain ' of f i r s  '
(or six ) carton atoms might be expected; to skew an"abnormal;
ro ta to ry  power#' as... compared with the corresponding : ro ta to ry  ■
powers'of the o th e r  Members o f  the s e r ie s j  t h i s  i r r e g u la r i ty .
might reappear a t  the members of the s e r ie s  which;'contain chains
of ten (or eleven)- Carbon atoms# ■
fh i s  view te e  l a t t e r l y  'been•extended to  include th e •oxygen •
atom# the volume of which" i s ' almost id en t ica l-w ith  th a t  o f  the
carbon atoms the oxygen-atom frequently  e x e rc is e s • qua&rivalency,
and may he regarded as nearly, id e n t ic a l  with the 'carbon atom s o • '
f a r  as'’i t s  e f fe c t  on the  s p a t i a l  configuration  o f / th e  oarhoa
chain i s  Concerned*' / W  \*© ** <#*»**»«•___ (ACS i q ^ v i ^  v )
'Results obtained 'by  Pickard'and'Kenyon^ In the cases ef -. 
su b s ti tu ted  carb ine!s  of - the s e r ie s  0H3 #CH(0H) *H f  • C^E^OKCoh)# !  # 
etc# and th e i r  esters#- confirm franklands suggestion# "and from t h e i r  
.resu lts#  Pickard and' Kenyon have"-distinguished th ree  types of. 
chain# which'' form a s p i r a l  arrangement which a l l  but re tu rn s  ■ 
upon i t s e l f  a t ' t h e  f i f t h  member# -
(a) A complete chain through the molecule 
eg* € H CO#Cii*ai{CH j . C l  •’A'pentyl -valerate which ex h ib its  a
Hr <\ i  3  1
: Ur *6 6 A 10
^  1 , t o k . 7;:x  ‘ fc - ■ ■ —  -r -
l a  the eases of e s te r s  of the above type# when- H contains
four or'nine carbon atom®,..1®*’ in- the cases of the  n-valarat®  ■
and n*d®eo&t®>.the •ester*  chain to  the  r ig h t  of A3, w i l l . .
contain f iv e  or tea  carbon ato^s and may be assumed to h a te  ,
completed ©a® o r  two ta rn s  of the s p i r a l  respectively*
' 'When 1. contains two or seten a tom s' ( a t  the p ro p io n a te .or
n-oeioat®*),' the  chain up t© the asymmetric carbon and including
it , ,  w i l l  contain e i th e r  fou r carbon atoms and .one oxygen atom
or nine carbon atoms and on® oxygen atom# In both of_th.es®
cases* abnormal ro ta to ry  powers might be expected# fwo of these  ,
e f f e c t s  might ea s ily  occur in  the same compoundi examination
of various substances In s©3ution brings out abnorm alities •
which' do not appear under o ther circumstances#'
. In  the  case of t h e V  fenchyl e s t e r s ,  i r r e g u la r i t i e s
appear on the curves represen ting  the values, for 5461 a*u*
of the s p e c if ic  ro ta to ry  power® in  the homogeneous sta te  at 20 C
and-.In carbon ■ d isu lphide solution* fhese abnormal ro ta to ry  powers
occur a t  the  p ropionate , n~©ct©ate-and l&ursit*. fhay are  not
very, s t r id in g ,  and are  probably subordinated to  so®.® other e f fe c t
C in  the case of th e . d-$octy l di*carbGxylle e s te r s  previously
re ferred , t o ,  t h i s  e f fe c t  was subordinated to  the
a l te rn a te  .c is  and tran® effec t* )*  fh®:abnormally high values
fo r  the 'p rop iona te  and n*©etoate can be accounted fo r  by the
deductions made above s * . \
— C.H —  Cj,.
\ < « x  1
  ac.n^ -  CH .O. CL. R.
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fh a t  fo r  the la u ra te  can be accounted fo r  by the same means '
i f  we. assume th a t  i t  would only requ ire  a s l ig h t  change of the
c h a in
In terva lea t.angle to  modify the shape of th® ^sufficiently to
cause an i r r e g u la r i ty  .to appear at the fourteen th  carbon atom 
instead  of the f i f te e n th #
were p lo t te d ,  m  i r r e g u la r i t i e s  were shown# 'In  the  case of. the 
<U fenchyl e s te r s ,  the feimate .had a much h igher ro ta t io n  than 
the o th e r members of the series# the ro ta to ry  powers of which ,. 
g radually  .decreased * f b t  |2> fenchyl formate#., however,'possessed 
a low ro ta to ry  power, compared with the o the r  members of ■ the  se r ie s  
fhe(3 a c e ta te  had a h ig h er  ro ta to ry  power than the formate, but 
a f t e r  the a c e ta te ,  the curve connecting the number of carbon 
atoms in- th e  acyl chain and the s p e c i f i c ' ro ta to ry  powers’# f e l l  
rapidly* ../fhe curves connecting the  sp e c if ic . ro ta to ry  powers 
and the  number o f  .carbon atoms in  the cases of the ^  and p  
fenchyl e s te r s  a re  given in diagram $  t  and -11 ■-resp e c t iv e ly # 
th e ’cJ. and yS> fenchyl es ters#  in  many re sp e c ts ,  resemble . 
the: bbimyl and :i©©bomyl e s te r s ,  which are  discussed in  a 
l a t e r  po rtion  of t h i s  thesis#
m»mmm BOKxX m i l
s i o
o Carbon in ^roi^in^ <3c-yl Chfl.n-^
s m g x s f r T A L  *
Preparation  of pure d*fenehone* ■■..-
. d -f  ©nohone m e-prepared  by tlxe method of WaXlach(A*2M*X29) 
and .fOardner. and . Cockbum(J*0«3*1898*2?$*) #' fennel ©41 was
©
f r a c t io n a l ly  d i s t i l l e d ,a n d  the f ra c t io n  which cam* oyer a t  190*5c 
trea te d  with th ree  p a r t s  of-warm cone* n i t r i c  a c id , fo r  about .30 
minutes# th e ; re s id u a l  -o il was sepa ra ted ,w ashed ,d is ti l led  in  a 
current o f-s team ,tm d -f in a lly {d i s t i l l e d  under reduced pressure*
- f@nchome,thus p re p a re d ,is  a co lourless  l iq u id ,w ith  a
O . , ©
- camphor-like odour# ■ I t  b o i l s  a t  'S l / l t o i  and s o l id i f ie s  a t  5*0 0 
to  a mast of white p rism atic  needles* " In  the homogeneous s ta te  
i t  has ~ 62*62 and B = 0*9460* By treatm ent with sodium ac e ta te  
and-hydyoxylamin© hydrochloride in  a lc o h o l ,I t '  forms an oxlme-
o
which separates-from  alcohol in  long white needle*»m*p*168. C 
deduction of d*fenchont*
■ jgany. methods .of; reduction were . t r i e d  before a  mixture of
H •• I t  '*  N
the and [5 alcohols,from  which both m odifications could be 
separated,was obtained# fb t  following i s  a l i s t  of reduction 
methods which were tried:** ' .. ,
(a) fhe method of S aba tie r  and r Sen&erens, with hydrogen and 
reduced n ick e l ■ ca ta ly s t*  {•I** C atalyse9* ■ Send area s#)
By hydrogen in  presence of co llo id a l  .palladium*(Staple 
Bsr*1913 JLi 2336)*
(e)Zinc dust on a so lu tion  in  a c e t ic  ac id * : '
(d) Aluminium amalgam - bn so lu tio n s  in  moist e th e r  or 9b% ' ■
i
methyl alcohol*.
(e) Sodium hydrosulphite in  a lkaline , a lcoho lic  solution#
- i t )  Powdered sodium- in m oist'ethereal solution#
(g) Sodium on a bo iling  a lcoho lic  solution#
Methods (c ) ,(d )  and (e) w i l l  not be d iecussedfas negatiy© 
r e s u l t s  were obtained#
' d*Venehon© was'-allowed;, to drop slowly into the tub® containing 
the reduced n ickel catalyst•bfeatsd to 1$©*190°C *through which a 
current of pur® dry hydrogen was passed*The product 'obtained 
-however,contained v e r y . l i t t le  fenchyl alcohol,and consisted  aimoat 
e n t i r e ly  of unreduced fenchone* Although the  conditions were 
varied  considerably*satisfactory r e s u l t s  were not obtained*
In on® experiment,however*in which a c a ta ly s t  *smde by 
mixing  fcie&elguhr with n ickel-oxide and of anhydrous sodium 
-carbonate*was used*50^ of the t o t a l  -d is t i l la te  consisted  of a
o
l iq u id  which boiled  a t  160*165 C*presumably a .hydrocarbon# It
had a  d e n s i ty ’ of 0.8660 a t  15°C and a re f ra c t iv e  index fo r  the 
l a  l in e  of PhS'] ! V  I t  a lso  had a ©sail 'laevo ro ta t io n  of -  4*68° 
in  a 100’mm tub®*(Density ©f• fenehabe * 0*8664 a t  19 €}♦ ’■this
•I ••
may have been, produced from the p> alcohol,which i s  possibly , le s s  
‘stab le ' than':.the fern* ■
C ata ly tic  reduction by hydrogen and palladium*','
'■ fhe method used . con sisted 'in . shaking .the ketene*aeolution
of 8*1 gm of palladium Chloride and a few cos of a d i lu t e :solution  
of gum ar&bie in water*with pur® hydrogen in a 'su itab ly  shaped 
vessel* fhe process of .-reduction was extremely slow mid was• . 
abandoned a f t e r  several t r i a l s  had been Bade*
Powdered sodium and moist ether* .
Powdered sodium was addsd; in  small q u a n t i t ie s  a t  a t im e ,to  ' 
a wet e th e rea l so lu tion  of the  k e to n e ,u n ti l  'reduction was complete* 
fhs alcohol obtained was found to  con s is t  almost e n t i re ly  of the 
oL isomer*
i t s  volume of absolute ethy l alcohol,and to  the b o ilin g  so lu tion  • 
twice the.'theoretical quan tity  of 'sodium was added# than a ll:  the 
- sodim , had d isso lv e d ,th e 'liq u id  .was d is t i l le d ' in 'a  current of 
steam, and -the mixture ...of fenchyl a lcohols  iso la ted  and d i s t i l l e d *
o
flie '.d istillate,w hich  'boiled , a t ' S6/14mm and so lid if ied , on 
ooolingtwas-heated with a'molecular proportion of'phthalio .
anhydride in  an e i i» b s th ; fo r  12. h o u rs ,a t  ll§-X20°c* ",i5he cooled 
.product was poured in to .a  d i lu te  so lu tion  #f-sodium.carbonate# 
and when a l l  .the...hydrogen.p h th a lio  e s te r  had dissolvedtth© unchanged 
ketone was removed b y .ex trac tio n  w ith-ether# Air- was bubbled 
through the  'a lka line  liquors,w hich  were then ac id if ied *  fhe .
%% • •  u  •»
p re c ip i ta te d  mixture .of. oc and ' fenchyl hydrogen p h th a la te s  was 
dissolved , l n  chloroform, and dried# . A fte r  evaporation of -the .
Q
so lv en t |.t h e . r e s u l t in g  mixture of.. e s te r s  melted a t  136-140 Cfand 
possessed 19*4. (in  alcohol)* : *
SIPAiAf 101 :0f fB$ c<.&OT/3 fMCEfX. AL00E01S.
■ w. T ixww o s i i i wi w i im s t w a s i i s»y a .  n.* * ■■■.-•■■*  ^ . 
i s o la t io n  of fenchyl hydrogen phtlialate*
■. the  hydrogen phth&late- of -fenchyl a lcohol, obtained, from -the, 
reduction described above#was /c r y sta llise d /fro® g la c ia l  a c e t ic  acid, 
and a f t e r  -five or 's ix  re cry s t a l l !  sa t  ions* a'1 maximum ro ta to ry  power 
. o f 4-21*0 was obtained;the-pur® e s te r  had'a xs*p* 146 €*fhe mother- 
l iq u o rs  from, the  - f i r s t  and second- crops 'w ere-d ilu ted , and the 
p re c ip ita te d ,  e s te r s  were found to  vary in  ro ta to ry  power from 
4-1? t.o4-18,in  successive experiments*. By systematic working up
. >. - ■ — -a'®'®
of . , w  . . .  « * [ * ) . i . . » :  « . . .
being a very ©low separation* i t e m s  i t  was decided, to  make s a l t s
. of t h i s  fenchyl hydrogen .phthalate*which presumably contained the 
•* - 1
p  isomer. - ,
to bo the m o st'e ffec tiv e ,s in ce  there was;gome difference in.- ., 
so lu b ility  between the magnesium, sa lts  .of .the'oc the (& fenchyl
4* •*
hydrogen phthalatee,the s a l t  of the (h e s te r  being the more soluble 
In water* . .■--’Sotunorr
A neutral^of' the sodium sa lt  of the acid -ester  obtained from 
the acetic.acid'm otheivliquorsfw as mixed with magnesium chloride 
so lu tio n ,u n til no m ore.salt was precipitated#' After standing,the 
sa lt  w as.filtered  off and recrysta llised  from'aqueous alcohol,when 
^ U t  had a.aup* ,290*©°C* ■ the filtra te -w a s a c id ified  and the fenchyl 
hydrogen-phthalate,which separated,again.dissolved in a lfca li'and.
' o
t re a te d  w ith .magnesium chloride#-, fhe..magnesium .sa lt o f m#p*290*5,
on decomposition with hot g la c ia l  a c e t ic  acid,gave a fenchyl hydrogen
r f ’
ph th a la te  which had|c< « 21#5,-which corresponded with the ro ta t io n  of
* -*p
the pure fenchyl hydrogen phthalate#
fhe e s te r  Iso la ted  from the magnesium- s a l t  which had remained , 
in  s o lu t io n ,a f te r  the i n i t i a l  p re c ip i ta t io n ,v a r ie d  in  ro ta to ry
»  *10 Q
.powo?,in &%£feren% e x p e r ia a s i tg . f r c a U  -  12 toW-U 14». On c r y s ta l l i s in g^ -» $ L J & ' ■ w *#
th i s  fenchyl hydrogen phthalate,w hich consisted ch ie f ly  of the ,/3‘vV
’ ' e s te r ,n o  a l te r a t io n  in  ro ta to ry  power was observed,and since i t  was 
■highly probable th a t  t h i s  e s te r  was not homogeneous,salts o f , i t  were 
prepared and -attempts made to c r y s t a l l i s e  them,with varying• r e s u lt s * 
S a l ts  of ...this e s te r  w ith -bensid ine ,an iline -and  ^3 eueaine did not
g iv e . s a t is fa c to ry  result®*
is o la t io n  of the ft> fenchyl alcohol by cr y sta llisa tio n  of the : 
mixture-of p*nitrob@ms§ie esters*
Another method,involving the p repara tion  o f .a d i f fe re n t  e s te r  
of fenchyl alcohol,was t r ied #  •.•The impure /3 fenchyl hydrogen - 
p h th a la te  was hydrolysed w i t h m o l e c u l a r  proportions of caus tic  
soda and'the alcohol obtained,converted in to  the'p*nitrobensoic 
es ter*  This was. done by the method of Biahora(Ai^v Ml Jthe 
a lcohol was dissolved in  f iv e  or six. times i t s  weight-of-pyridine- 
'and the th e o re t ic a l  q u an tity  of p*nitrobensoyl c h ioride( m*p *78* ) *
fenehy 1 p~n i  t  robens ©ate s #m * p * ** *$ y y |WSs d"^  s «&»«!• s««?yi a j*"wwa jfeta’v 
acid#and af'ter -three or four- recrystalllsatlonsta-'crop  .of ‘ cxyetals'W*m«p#lQ8«9. C*was Iso la ted  which ' hadl©U**17*2# fhes© correspondedJp
with the p'onitrebensoata of the ^  'alcohol#.obtained fro® th e . l e s s  
soluble magnesium s a l t : and from the hydrogen p h ih a la te  *f oC fenchyl
a lcoh o l,o f
2-0
o C
o
, '21*6 *'{ Some of the fendhyX alcohol fro® th is ' e s t e r
C> ‘
was converted separa te ly  in to  the p<*nltyoben£e&tetw h leh ,a f te r  ©me
. © -. . r V5 ' ®
. c ry s ta ll isa t io n # g av e  a .product»m*p*108-9 andKI, *17*2*) ' .
^  the  f i r s t ' tw o  m other-liquors from the a c e t ic  acid c r y s ta l l i s a t io n
r t‘5 o '
" :wer© p re c ip i ta te d  .with" water #a»d were found to-possess 'I I o f+7#0  .
„  » .  * J &
ffcis fenehyl p**n i  t ro h m z oa te , 1 ergely  (h >e s te r# w as .c ry s ta ll ised  from
a d i f fe re n t  'so lv en t, a lcohol,and  a f t e r  s i x ■ o r  eight- re e ry s ta l l ! s a t io w s
o r Vs °a  product, was ob ta ined , with 'a  m *p * 82*$ 0 andici] ~ 10*3 ♦w hils t . the
o »• •» ;':■
m other-liquors con ta ined . the small remaining 'amount of ©C ester*
. fh is  /3 "-.fenchyl..p*nltrobenzoate did not separate fro® , the  l iq u id  in 
e^ery . easel in  sfTeral. experiments,.the .oi e e te r  'slowly separated* 
'XhU9*in';one. experiment©n rec ry e ta l l is im g  tb# p roductt of J©<^  6*0> 
obtained fro® th e  m other-liquors of a 'p re lim inary  .c ry s ta l l is a t io n  
f% , from a c e t ic  acid*eight tim esfinstead  of a  product of. maximum 
ro ta to ry , power being obtained ( ind ica ting  pure'/'31': fenehyl ■ . .IS-1 o
p-n tt robeasoate /)  #a crop ■ shewing\c>c- 0*1 was iso la ted *  \ ;. " ,
»• ~ - - t>
Hydrolysis" of the p.- fenchyl:p-nitr.ohen»oate and reconversion, of
^ r r T r m i r ' m r r  pin m n - t - r n j i D f - in t i i i i i i r n i i . n .n im i;im r in ~ n m r i ) h j h v iH i [ t i m i j i l . . j m r u p u ~ j m  in j q  ■ i i w i i « M i  i i r t f i i u i i n u  i . i i  m i r n i 1 , i i i r i ( T . u i r m ' i r i r r : i ' j r n i f r m r r ir r ii i l i j v f r r T r n i T i ~ n n r ' - , i — r - ^ r — — — T - Ji  r " " "  r “ i  1
t he"/b  .fenehyl; alcohol in to  i t s  ac id  ph tha llo  ester*  ''
. .About. 10 grams'of, /3 .fenehyl' p»nitrobenzoa'te' wefe 'obtained and
hydrolysed by- X$'M olecular proportions o f ,-alcoholic caus tic  potash
solution#the so lu tion  being.heated fo r  30 minutes*for complete
hydrolysis to tab:© place* fhe l iq u id  was-then, d is t i lle d , in a
current of. steam and the iso la ted  alcohol d i s t i l l e d *  ..
eons to nts •• » ,
A fte r  the ^physical^of the Ji fenehyl-.- alcohol had been determined^'
i t  was . converted into ■ the hydrogen phthalic e s te r  by. hea ting  a t  ‘ 
o
11b Cjfor 12 hours, w ith ph th a lic  anhydride*, the  product was ■ 
worked. up in  the usual manner#and the resu lting  /3  fenehyl' hydrogen
©C FenOhyl Alcohol*.'.-
r  w trin w wtr r tp .w ri  n> jin aiiu  w  ( ra w . wWim w  n  ri  **  W i j m  J  h* m i  wi fH» >»i ? »r*n<giCiT*flff w <»
■ oL Fenehyl alcohol b o i ls  at 94/2Qm. and © alts  at '4? C* I t  
s o l id if ie s  in  long-, stout prisms and has an odour. resembling • that.. 
of camphor And s lig h t ly  sw ea ter.th a n .th a t  of-fenchone* the alcohol
r
has ©U~-5#77 { 1«  §Qm ) in  the homogeneous s ta te  a t  58 C*
”e< Fenehyl hydrogen ph tha la la^ - th i s  e s te r  separates from 
g la c ia l  a c e t ic  acid  in  long prism atic . needles, which melt a t  14$ C*-. . .
^  t
I t  i s  e a s i ly  soluble in  alcohol and Chlorefexstft'.bttt sparingly 
"^'soluble. in  l ig h t  petrol*
A %% solution  in absolute a lcoho l, in  a 200 aua-..tube,. hag the 
following-gpeelfla''jrotatory powers;* -
+21*6°, l«J «+fi7*0O#W =*r65*2r
t h e ' magnesium s a l t  of femchyl hydrogen pkth@Xs.te ■ c r y s ta l l i s e s
o
fro® aqueous alcohol in  need les, ®*p* 2i0*5 0* /
" o i  Fenehyl'p-nitrobenzoate * the n.itrobenzoie- ester,'prepared, 
as described , crystallises-.from -alcohol or g la c ia l .acetic  acid :.in 
pale  yellow .needles,which m elt'at 108*9 C«
^  A 5 $ " solution of. th is  e s te r  in benzene in a '200 ".mm'tube, has
the following sp ec if ic  rotatory powers J* 0 a 0 '
M l ' 1 3 * 9 0, y ^  -  1 7 * 4 ° [ < V - l a . O ^ k V -  1 9 * 6 , U l « - 2 9 . 8 * -
J5-|?ro t  L ^
The sp ec if ic  rotatory' powers fo r  a so lu tion  o f’©^ - fenehyl
p*nitrobenzoate’ i n -carbon 'd isu lph ide , were as follow s:* '|g® ®
M = -  I S .C fo J s  -  2Q.©°U] = -  81 . s M =  -  2 3 .2 ° W =  -  35.4
*- ■‘(.-.os- . J Sl*o L J Sntl L, jOtr l*4 l
eC Fenehyl p«chlorobenzoate -  p*chlorobenzoyl ch loride  was
added t© a solution, of fenehyl .alcohol."in pyrid ine  and the, e s te r "
. M •*
obtained as in  the case of the p*nitrobenzoate of cA fenehyl a lcoho l.
vtv Vi<^cU-e.<b.
The e s te r  c r y s ta l l i s e s ,  from g la c ia l  a c e t ic  acid  or a lcoho l, and
' ■ ■ ' O . 'A
m elts a t  73*4 C.
^ T\<l t>'r>yc^ nvn-c 'safct:-. 4  ^  y.\ Avoc^n ^Mha\aAA. w a s
(boy vs.^1 • ro m a U o U  1 Y\\<l *ra Irion 4  bh-n by dr c
^ o m  V"he. t  vo a s  Am a \r^ e .d .
f i  fenehyl alcohol c r y s ta llis e s  from a cetic  acid in  small white
o
needles, which melt at 103 C#
The following determinations of rotatory power were made with
M  i f
a 5j£ solution of /S fenehyl'hydrogen phthalata in ethyl alcohol,
using a 2Q0 Mm tubes* * . •■ * _. .
r i n° °r l l7& &r  »r V1 a
oc U + 1 7 . 5 #M s + * 0 # $ # M = 4 a i . 2 lM iS +  I3*3*V*«  +  2fi#3.l tt\o *  . L- JSifct. LJ^ .  L J^c ,
T^ffendhyl p*nltro,bengo_ate * prepa.red.ee described: c r y s ta llise s
from alcohol in c lu sters of pale yellow feathery needles,which melt 
6
at 82*3 C #
A f>% solution - of .th is 'ea ter  in bmzm® ■( using a 200 mm tube ) 
possesses the following sp ec ific  rotatory powers:-
P O r  -i O r  -1 o r  ® r  «
^ - 4 - 8 . 2 ,  «*» + 10*5, 4-11*4, C* = +  13*a#N  = + 23*3*
L -W* L L l^sro L-W« L 3^ q
In carbon disuiphlde so lu tion , the sp ec ific  rotatory powers
are as 'given below:- . ■
H **° °r V5° ep 1 <r i  ° r  ®= 4-lQ .3M  « +■13*5,le* «'+14*8*K ^ 4-17,7k U  *28*4#
Sqay b *• J iv*s<v
,»•« «* **
Oxidation of. the and (h fenehyl alcohols to the parent ketone •
th is  oxidation was carried.out according.to the method of ’
- Beckmann (Avm dhim) for the oxidation • of natural i*iaen.thoX# In\%W ^»o —
the case o f <l-menthol* a cry sta llin e  black chromium compound of
menthol i s . formed # .which'decomposes# with separation of month one
©
when the, temperature i s  raised to bb C* In th e c a se  o f . fenehyl
alcohol, a cry sta llin e  chxdmlum compound was not observed when
H 'I
the 1* fenehyl. alcohol was mixed’with chromic acid mixture, but
.the oxidation..'commenced, a t ' a much lower temperature#. l#e* about 40 C
and was completed a fte r  a,boat 30 minutes# the ’ temperature during
©
th is  time being slowly raised-'to 35 0* fhe o il  produced was 
eep&ratedaehd washed with water and d ilu te  caustic soda t i l l  
colourless# • I t was then d is t i l le d  in a current of steam and 
f in a lly  d is t i l le d  under reduced pressure* The- fotatory power of 
the product in a 2mm tube' was taken and found to be p ra ctica lly  
identical with that o f the original.ketone# The orig in a l d-fench©ne
OXiUSes OX W 8  IS.ST& S VWVtWAii'tfU v $  jwus? w**w».v*wm v *  * \
ketone, in each ease, with ■ hydroxy lamina hydro, chic rids .©nd. sodium 
acetate in  a lcoho lic  so lu tion  and allowing to. stand fo r  a week#
O ' " - ’
Each of the oximes malted, at 167*8 C, and.a mixture of the two
d^fenchona had a melting po in t of 168 C# }*...•
Specific  ro ta to ry  powers of d*fe»ehoae oxime in 6$ benaene 
so lu tion  are  given below?*. * * n
the oL fenehyl e s te r s  of the  normal' f a t t y  ac ids were prepared, 
from the formate, to  the m yristate,(w ith  the exception of the 
deeoate and.the'ttndedo&te*)#- They were obtained by the ac tion  of'
the re q u is i te ' 'acid-chloride''on a so lu tion  of c>(. fenehyl alcohol in  
pyridine* except: in the case of the formate, where, anhydrous formic, 
acid  was used,, and in  the .eases of'th e aceta te , .propionate*"'and 
butyrate,-where the acid  anhydrides were'employed*. In the case of 
the heptoate.,. using .the. anhydride i t  was found' th a t  the e s te r  ' 
obtained was impuret t h i s  was due to the fa c t  th a t  th e ' anhydride - 
boiled a t  the same temperature as the e s te r ,  and th a t  i t  wag not 
p o s s ib le :to wash.the e s te r  e n t i re ly  free  of excess of ac id  - - 
anhydride# Ilia e s te r  was f in a l ly  made by'the acid ch loride method* 
Physical Properties*.
A ll the e s te r s ,  and more esp ec ia lly  the lower ones, were 
p leasant smelling l iq u id s  at the ordinary, temperature, m iscib le  
with organic solvents# the b o il in g  po in ts  are given in  the th ird  
column.of tab le  1 •
and of the f i  fenehyl a lcoh o ls , were prepared by t re a t in g  the
substances had a-sup* of 166 C# (The oxime of the o r ig in a l
w« + 1 0 6 .4 ,
BstaBs os me c^ . m b  (Z .raarcgYL aicohols.
th e  r e f ra c tiv e 'in d ic e s  ware measured i n  a 'R u lf r ic h .refractem ete? 
a t  20°C, fo r  the m ve-lehg the  given below:* 
lith ium  red W ave-length• 6?08 A#0*
Keen red ” ' ’* -8408 A*H*
•* ' - ' - . : ” 6098A«U« - '/v
godlum yellow *’ V 5898 A#U* . . .
Heon > “ - ■ 5802-«A*lU
le reu ry  • * •• 5790 A*H#
Copper - *• ■ .5788 A*I1,
•• . 5700 A*-0* < r ■
Mercury green . " . ~ . : 5461 A*!?*
Hopper " ” " 5218 A*1J*." '
" ' . " . . ” . : 8153 A*tf.
*• . ;; -. .'g lee  a«u*. -
Mercury v io le t .  “ ■ *v ' 4359 A*U* .
" , - 4046'A*0*
the .r e s u l te  fo r  a l l  the e s te r s  a re .g iv e n ;in 'ta b le  *
Rotatory Rower, ' , ■
fh© ro ta to ry  powers were measured in  a tuhe. o f ‘50mm length  
round which m in era l.o il*  which «©$ld.be heated to  any desired- 
tem perature*. was c irc u la te d  by means of a pump* f iv e  d if fe re n t 
wave-lengths of l i g h t , the mercury green, yellow and v io le t ,  the 
sodium yellow and the  lith iu m ^ re d ,' were used, and readings were 
t& hen.at p o in ts  between 1 0 b and 130°C# Two e s te r s ,  the formate and 
the a c e ta te , were examined pho tographically  fo r  several wave** 
leng ths beyond the mercury"-violet*
the  ro ta to ry  powers of the e s te r s  in  e thy l a lco h o lic  and 
carbon dieulphld* so lu tio n , were a lso  determined and are  given in  
tables]M U ■• ■■■'
and mvlsm  dlsulphide solu tion  are given in' ta b les  _v_ahd xjl*
0«51$$, p f . t& nehyl-hydrogm ,ykttoaXatft rpqniw# !?♦$ oof o f  
0*886  ST/10 laO l. sftluti*& fo r  c®a?plete..nftatraliftfttion*. ; 
Mpleeul&r m ig h t  p f - t e n p h y l  hy&mge® ph.t lm la tt ,.= jfoi*5« . .
{ fk to r o t le .a l ,fo f  06^ § 0 oi.-a *-$©2 f0 - )*.,lo I'l
Saf ftn i.fioatjoat o f  oC ffencfoyl p-c&lorofefta&ftate*
2*9g$o gm*. o f c< feactoyl p^ft^lftro^easoaift requlr* 22oeft'df ■' 
0*91. ST/ 2  ZOM. so tu iim  fo r  hydrolysf**  - ■
.M olecular. w e ig h t  ■ * 29f«§0 ■
{ K ie o ra tiea l fo r  g = 292,48 } : "
M "
M a ly a it  o f fi'feitQ liyl g*altro'bengftatft« ' ■ ‘ '■
•, ;-i. ' o
§ *360t '$&»""o f 'egiar g ir r  14*60 ecs of- & l% vp$m  a t •16 0 ir M  \  
763 a i  ( ?39*$rfcg*- of -rater a t - 16°= :,
$ - p f  fftneuyl-p-aitro^eaaftatft.'^ 4#7: -
( p a i r e d ,  f a r  g , H •= 4 ,3 2 ^  ■
* 0  oernooi.# , -A# each :or. tnes® substances .gives ..-camphor ..on . 
■oxidation and*, u n t i l  recently* w ere , thought .to  giv© eamphone by 
dehydration* .the d ifference© .in  structure . between the® were ■■ 
regarded as purely, ©tere©chemical* ...then bom ylene was produced 
by the ac tio n  .of. a ieo h o lie  potash'-on bom yl iodide#(Wagner and. 
Bri©imtr*Ber*X®Q0*M.*^X^l*) the 'diTergenoe between'.the' 
.p roperties of oaisphene':and hom yiene reeogniaed* borne©!' and' ■ 
isobom eel were looked ’'upon a© 's tru c tu ra l ly  distinct.#.':', ,$he , 
TariOtts' re la tion fih ipe  way'be form ulated th u ss- ■
CH^ — C(OH^— CHOH 
■1 ‘ "
CH.
C AVX; 
V
CM -
lo m eo !  
C(oh) CHa,
CH.
v*c^~1— ^
^  C Avuz. i _
CH
is©Borneel
CH
2 .
'  C^H,)
CAvw^ -^
VS.' — t-H — 
Bo my lane 
C  -  CH.
CH
CH
V\C
CAv .
CH.
HC.
■2.  \ RCM
Gmp&me.
fht® formula f o r  csiaphene# a lso  w ritte n  th u s :-
CH.
C H .
CH -
CHX
I
'  C H  -
C  : C h .
~2~ V. -3J 2.
was proposed by Wagner9 -frcna OTldence obtained by the regu la ted  
oxidation  and examination ©f the degradation p? 0 dttcts#'{Be?»l$O0 (
$5#2124*) 'and i t  was l a t e r  adopted by S e ro le r : )(Ber#l®0® #42»24dt ®$2) 
I t  has a lso  been'."supported by l a t e r  work# - '
fhe formula thus, deduced fo r  isoborneols* .
C h ^ —  CH C(o h )C * V
: 1 ^  V
t.*S.~-- ch  — c. h (c h ^  .. 
represents-the.com pound as possessing  a te r t ia r y .a lc o h o l ic  '
s tru c tu re#  th i s  Is  somewhat unsatisfactory '#  and the au thor intend®
to  adopt a  form ula-for isobom ool# .rep resen ting  i t  a© a
secondary a lcohol# 'and  a stereoisom erid® of borne©1# The reasons
fo r  th is  are  as 'fo llow s#  ■
posoreiy ©oours in  m® ea ses .o f  tfe® compound# m d e r  consideration
i s  bes t .rep resen ted  &*.'follow#:* ■
CB
■cx=cyz
* \^ \ c{k)A3
tlxis typo o f in tra* ann u la r  tautorerid-<&ang# ferns;feeeh'applied
witfe. some .success to tfee’- e luc ida tion  of th e  s tru c tu re  of. c< 
esmpfeolytie. acid# (Qhmimmnm$.: Ingeid um€ %k®rp®*$*£*3 +W2 2 t 
m . m i i ) ' ' '
.Bttppese we rep resen t tfee eeattreiem  of ieofeerneel' in to
aampfeent. tfeus:->. . 
^2,
' | Cnovi
j CJWt\
IOrt
isofeore#©1
C*V
C
H^C^NlttCC 
CWrj
4 4 / " -
CHb 4
, - 7 ^ 1:W'c/| N l n c C
| Clw«J _»> 
CH
eampfeene
tl i is  fo re  of osnpfeen# is. capable of tautom eric efeasge...in the
1
following amtmer:-
CH, CH, H
He./
c. <L
CHV 
CW^
'X
^ v j  ; i h
HG4-1 
1 0-WA
.*VSJ
CH
CH
1 .
vvl- 4 CH
CH-
\ ' CWjl_\
ch  - ■ -■■• — -■ s <m' ' — : .:■■' ch >
tfeese formulae .are p ro jec ted  in to  space* we vofetain:*
•L
ffees#' correspond to- ;tfeo optically.. a c tiv e  fo re s  of cempfeene*
fh-cse. ccirr^conds : 
and i f  t&ey^are t re a te d  with; sulpfeuri© and .a  cell© acids# the
corresponding fores of isefeorneol are  oM aineds- ' ;
H H
OH CM
,-<L - CH
£ -tvo?.
JL cavn|-ihc>r Cornel-?.'/
CH f CHfcHz
I
::Cv >|
I "\ /
i. OH yX
^  Vi iy\ d- c.a.v-Y\H^°T'c6n-v^ \^ )<.
H 4 CHo^-
ftxis explains'wfey in active is©feornyX a c e ta te  i s  ©stained
c c
;eH-
Cti
->
c.
fenehyl ch loride
H C/——4— ' ch  
1 CH
HL~L n
M
which undergoes a tautomeric changes
CH
U
c_.
:ch
^ Cr_ . . .  ,
1 ^  \
<?£ femehene
CH- OHz.U
A * ch
CJH-
C
CLH
HC CH1^1
^  fenohsue
them*  ^however*: the space formulae "are' written;*
. ,-H , ■ , HCH, CH , C -  CM." 2 _
(A ) t t ) 'CH
-bn
C
H ( ■
W L
<L
Y  V h C-
H ^  - -
$ t i s  found th a t  they are .net op tica l isomers owing.-..to the fa c t
z\
CLAvoc
'th a t* in  {h}# the ,;0 {®Ss ) grou p occupies a p iece  jowsdbffaniy■. 
fh ich * . in' {&}* . i s  o ccu p ied 'h y a  CII^ group# ■ fh is  dees n e t a f f e c t  
■ the apace arrangement anil th e re fo re  fa) and (h) are  opposite in  
0*. . con figu ration ,:is#  they may he' ca lled  X*oC f  eadheae and enchene* 
"It. i s  in te re s t in g  to  note  th a t  Waliach(^#X89a*S0ii3TX«*S?) prepared 
oC and *(£ fenchases and found th a t  they were, o p p o s i te " in sign#
I *  «« u  **  * '  / v 1 ’' Ihe'oC a n d f e n e h e n e s  correspond to /o  fenehyl mXcohoX and 
isofehehyX' alcohol re sp e c tiv e ly ,  and these formulae can e a s ily  
.explain the conversion of (2> fen chene. in to  ^  fen chene#.. and t h e , 
confersion of oi feneheao in to  isofeachyl alcohol* .
C =  CH.
CH
C
CH
' oL * i  en chene
C.CH
HC-
1 ^~L \ CHZ \C^W7 
X  : >.<%X CH
3  fanchene ^
C-CH^
(on^dvi CH-
CH,
QM-
\ .CAk9,v
'Ch
isofenchyl alcohol
• ;  a
7 '\fh e  hydroxyl .group must add on in  & p a r t i c u la r  maimer, 
holding ' a predestined ' position#  l%i® ■ Inm ire®  ike  weakening 
■of a  p a r t i c u la r  loud a carbon atom;and consequent re s idua l 
a f f i n i t y ' .in  ■ a ■ d e f in i to  d irec tion#  ■ In  the  compound ' A*' above , 
the  carbon atoms (a) and/ £b) a re  f ixed , the '.hydrogen 'atoms are  
fixed  'and 'there i s  only one "position to which the hydroxyl 
groups, : m  en te ring , can go* ie# the in term ediate complex iearner 
can 'only  give tUcamphor complex cis-CBOH and 1 -camphor complex 
trans-CEOE: i t ' Oannei’ giTOP'.:oeyf.:- camphor complex trans-CECII# 
which'would'be a horneol*""":
I f  wo; ap p ly 'th is -  to  the fencfcene's*/ we' can draw 's im ila r  
conclusions # the  two. fea chene s a re  s t ru c tu ra l ly  d i s t in c t  hut' 
they h a te  opposite configurations# On trea tm en t. with ac ids ,
i »  .  M
the  in term edia te  isosier;'wiilgiTe' r i s e ,  apparen tly , to fenehyl 
a lcoho l, a s 'w e ll  as a c t iv e  isofenchyl'a looholiw ' -'
. c h s t n ,
<L M : C h  C_
u (, / l \ „ /  /  \  \  / \ \
m  *V  ^  H <r ~ ^ CH — ^ f  I 1
I , ‘ 1 0H | OH, | ,<k.-
A CH e>
/3> fenehyl alcohol- " iso l’enohyl ale#
' "3y "analogy"with' IsoboyneoX, the compound represented ky 
formula A I s  (V fenehyl/ alcohol# This alcohol has not yet 
keen obtained by th is . .method, hut '.Kondakotf' f J .fhC h \<|oq V, 35) has
. ., *■ 6’i>c^—4%.
shown t h a t ' isofenekyl alcohol prepared frora fen,chene hy the
ac tio n  Of ac e t ic  end sulphuric a.cld®,;' c o n s is ts  o f : a 'm ix tu re  of
**
a so lid  and a l iq u id  alcohol# [6 fenehyl a lcoho l, aa 'prepared  
'by the au thor, has keen shown to W  a liqu id#
C H .
«>4VUM¥* <9 W* 4»w VVA* «&* Vj» VA«*vtww«,
d if f ic u l t  ’to rciolTC ■ into th e ir  .opiioai-icoaeridccj in /fac t ,  '-1 
a t  present, the au ther knows of only one te r t ia ry  alcohol*cl" ■ 
torplnooli which- ha* been" oucoeoifttXly’ rosolved by ordinary 
choQiefia.-aothcdd/ l» th is  laboratory#{ A#f ff u i l t r ,  :privato v 
oommmnioatlon#) *-' XooBomool#" however, i s  capable of. resolution 
in t o ' ' i t s ' storooioeisoyic forms’with the utmost ease, and since 
i t '  oak be represented ’ as' a "secondaryalcohol, retaining i t s  
relationship 'w ith  ■oamphene, i t  seems p referab le .to  adopt th is  
course’ rather' than 'to assign to 4 t  a te r t ia ry  alcoholic 
structure*. ■ I t  has .adso"been iound’;ia t h i s :laboratory’ th a i: 
tertiary-alcohol*# when heated with pkthalie  anhydride, are 
readily dehydrated % isobomeQl/ however, f o m a  a'hydrogen 
phthalie e s te r  easily 'by th is  treatment* J 
' The view .that borneoi’ aad';;ieoboraeoi'' are geometrical -
isomers' i s  quite reasonable ■ in tha t they correspond, .to 'a ;
■ >• » • ■  ... ..■•■ *  ^ *  . . .  . ,  ■ . . . . . . . . . . . .great ex ten t. to " theoc and p  fenehyl alcoho ls ; the fenehyl alcohols ,
are dehydrated to g ive’ the fenehenes in a very sim ilar m m m r
to  tha t in  which bojneoV and isoboimeol’-give’ eamphene#
■’.I t ’has'"bean, known for a long time th a t 'b o th  berneel and
isobomeol give, camphor on oxidation#.. This was. fu lly  ■ .
investigated by Pickard and li t t le b u ry , (?*C»’$#X$$7» 1$?3V)<* Pure
d- and l^bomools and d* and l^isobomeola were prepared and".
i t  was found th a t, fo r example, 'jUboroeel and'Xlisoboraeol ' ’
each'give optically-pure d*e@mgk©r on oxidation* Also, I f . .
d.*bomeol .and l*#isobomeol! are mixed in  any proportions,* the
d*camphor produced is  always of fu ll  activ ity*  This points to
the fac t that bomeol and ■laoborneol '&?«'more closely related
than is  generally supposed* since they both give fu lly  active.
^camphor'on oxidation, they must both contain the d?camphor
complex{ i t  i s  therefore d if f ic u lt  to see how iaoboraeol,t»
represented aa a te r t ia ry  alcohol, .can contain the. 4-camphor complex
I t  Involves the transference of an Oh group from one carbon ' to
w*.. sjte-ovwom?' stau waw - *.z&wv9 -xuuw, »jt waw *r»a3-*0s«3wr* or
wioa^Tersa* f a r  example* strychnine brings, out the  Ie x tr a  band 
o f ' c< 1, 2 ,. methyl ■ cyelohexaneX and. t h e , l&s?e ■ tearner of H|Sf 1 , 2 , 
methyl oyelohexaaels brueine b rings out tb shydrogen  .phthal&te 
of lessen th tl .  and tb s  hydrogen p h th a la ie  of d*neeme»thel■ (Pickard 
and. b i t t l e b u r y i t®X2 *|OJi 1Q9 • )• •, In • these  re sea rch es» i t  .ha $ been 
found th a t 's t ry c h n in e  b r in g s  out the hydrogen p h th a la ts  of 
& »leehem eel. an d .the hydrogen p h tb a la ts  of £bo?aeel« . t h i s  may 
be regarded ae  fu r th e r  sTidenoe forborne© ! end isobom eol •
being considered a® geometrical iscmeride®. • -  ■■■• .> ■ ■ -
■ ©inee'iseberneol-. ca&-be. obtained by the ac tio n  of acids-on 
camphe&e# i t  would be. in te re s t in g , to  compare .I t  with isofenchyl
■ alcohol*: which mn- be obtained fyem.'fenohene :ln ; a. .similar. . 
manner*.
■ ■ Thb- fm% th a t  cemphsne combines with organic a c id s : to  fo ra
ea t are of isobom eol i s  taken as  ■ evidence - tha t; .the  two 'compound®
■are s t r u c t u r a l l y ;re la ted , and i s  supposed t e .  support the t e r t i a r y
* !
alcoho lic  formula- f o r  leohoxneol*
•i : : C (O H )C -H ^C=CH
H. t-—j h c v ,
\ C W  5 = ±  g a ^
eamphene.- isobermeol
| f  this. %m true* in  the ease o f the  fenchene® we ought to  assume 
th a t  the same type of re ac tio n  oceurss*
^  * CV'"> CH-.
r  CH3 ©H
„  S  v
h c - 4 -  c h
CL •. C^\
CH
Shat t h i s  reac tion  doe® not occur i s  shown by the fa c t  th a t  
isofenOhyl alcohol has been shown to possess the unaltered '
fesicmyiens i s  x iitaeai-u^w kxiw •m sa*ra«U M & i«$ee*£»ib9^ t 40u*4»j
C .'W * —  QM ~— -  C Hi t\ lc h z  c ( c lh ^ —  CM
■ -Im chylent ! ' 1
fh ic  i e , a  s im i la r  Tf>aatim to ■ th a t  which occurs when h o rn y ! :
methyl awmthate -la decomposed Is'-elTe-feeynylene*- ■
C H X — ; C j ( c H ^ ~ C L H b .C L S .  ^ C H 3  CH-*. -  — C H
| C - / W x  | 1  |
C tf  ^  —  CH — -------- CHX — MH —-----  C H
' Bornyl; » a t K |e  e s t e r  c  Bornylene ■
.fhese  fa c ts  $#e®i to; shew- th a t %h® S®r im tm chm .®
and.-ieofendhyl alcohol a re s -  -.v
C A u l c W - : ^ .  , , : — : ^ . L\ ^
e - H ^ —  c . t L H j . y  c ^ o  ' ^ z  —  —  C tto^-
■:‘,in - |sofeneh«m e:' ■ laeftmehyX alcohol
thus i t  seems reasonable to  assume th a t  th e ’ reac tions  of 
eamphsne are  s im ila r  ..to: a* . degetifeed . In m  " e a r l ie r  p a r t  ‘
©f th i s  paper# - 
c  /There rem ains-to  “bo discussed th e  .problem of - fcorneel and-: ■,:■■•-.■■ 
feernylene* Theoretically*. th e re  ie'-ho reason why Both' 1201*11601 
m i  isefeomeol should m et. give ssag^&sas feornylene* since 
leefenchy l alcoho l giires;.a hydrocarbon,...fenc&ylene*. of s im ila r  
stru c tu re*  and•isofeom eel * in  it® re ac tio n s ,  behave© in a 
s im ila r  manner to  leefenehyX alcohol*. Bcrnylsne i s  not obtained 
in  ©odd y ie ld  fro® .feeraeel fey the fecrnyl iodide method* ea&pheas 
feeing a lso  produced#. - An f a r  mg--the-author knows, m® serious 
attem pte here been.made■to ’ produce fe® my len s  from isofeoraecl#
v  ■ ■ '
, ;frmi  a study of the reac tio n s  of o p tica l ly  a c t i? a  a lky l 
ha lide#  and a l k y l . eulphonio esters*, during which inTersion of ■ 
configuration  has feeem postu la ted  {Ph^hs. 3 Cfe. },. i t  has been\q<23
found necessary : to  assume ,:the  lo s s  of hydriodio acid or 
sulphonic .acid*, the p a r t i c u la r  hydrogen atom to  le a re  t h e . 
molecule feeing th ioCH  eisau  Should .feormyl iodide lose  hydriodie
thus :simul tan© erne ■form ation of h o m y l e m  m d  camphen© m n
he accounted for# ''’She eonditions of t h e ' reac tion  would determine
which 'o f ike®# two reaction®  would preponderate* /tfniil# however 
t h e ' p relax a  of the d eh yd ra t  ion of home©! and isoh o n  eol has ' ■
Configuration of Borneol. and IsoBomeol*
Although 'camphor "poeae®®e®jitw© asymmetric .carton- atomst
th e re  heiug no p o s s i b i l i t y 'of a ketone corresponding to  
isofenohene*.  ^ Xhns on ly ''four alcohol® ''can he .produced from
camphor* compared with'-'eight alcohol® .frm. fe n  eh one and isefenehene
jUhorneol and jUieoVott&eol contain  the :d*camphor cornpXek* and 
give d* camphor on oxidation* and jU'tormeol $n& d-lgohom eol 
heth- contain the X*camphor 'complex and g iro  1*camphor, on 
oxidation*-
' She o p tic a l p ro p e rtie s  of the  a c tiv e  horneoXs and i  sofcomeels 
hare  h een 's tu d ied  w ith ; re g a rd ■to th e -so lv en t e f fe c t  of e th y l 
alcohol and carbon d isu lp h id e* which, i t  w il l  he remembered*. had
opposite e f f e c ts  in  the cases ©f th e ^ a n d (2> fenehyl alcohols* .
h m n  re in v e s tig a te d *  Xt i® no t p o ss ib le  to  te a t  • th is  '■theory*
th e r e ' arc :en ly  two -possible fonss In ■which'it'can ex is t
d*camphor H! • Camphor
Camphor
d*camphor X* camphor\ I
d*borneoX; X^leeborneol .1-berneol d«*i«eborneel
a*auj.pn3.a©
' £th y l:. alcohol and carbon di sulphide.- seem, - therefor®#; to  h&?e ■ 
oppo®ite effects .-*& the r e t r t d r y ; powers-. o f : ’borne®! ,and tsoborneelr
in  wery much the same way th a t  the , sene solvents .hare opposite
addition* am e f fe c t  due.. to  the  CH (OH) group * .w hils t l - iso b o m e o l 
contain® the  d-camphor. complex and an e ffec t dm© to  the  CH(OH) . 
group*. which i s  of the same sign. a» ,th a  correspondin g -effa c t  in  . 
l-feorneol* Assuming that: the CH (OH) e f fe c t  ■is laef© :--
> St-camphor complex - '&y&&yd-camphor complex
■ :^ i-CH{oa).,. ■:■ -■ U-CH(OH).
fhu® l-bo rneo l and i-i$eb©me©X a re -n o t'a p p o s ite  in  configuration  
nor do they possess .the same configuration* Hence the opposite 
e f fe c ts  of. the so lven ts are  no t due•tc  the  a lcoho ls possessing  
opposite .e ts re e le e ^ s r ie  .-effect** -
: Both bom sol .and iseboraeoX haw© been examined'w ith regard 
to  ro ta to ry  powers in  so lu tion , and th e y . both- show simple 
ro ta to ry  d isp e rs io n v eg f a r  ms can he a sc e r ta in e d ; * The : 
d ispers ion  r a t io n —— i t  1*69-1*71* ' -
e ffe c ts  on.the ro ta to ry  powers of the ^  and B fenehyl a lcoho ls , 
fhe configurations of 1-heraeol and l-isoh ern eol *>»
compared,, since 1-Tbomeol contains the camphor-' complex "and in
l-B em eel l- ieeB em ee l
An examination o f . the eaters', of boraeol'end isoberneol
d isc lo ses  the fa c t  th a t  th e se 'e s te rs*  under a il- th e  'conditions 
stu4ied.# fie* determ inations of rotatory power-in the •; 
homogeneous s ta te  and.in so lu t io n .)  possess simple rotatory-
d iapere loa , '- in  .which property  th e y . resemble the  ©erre spend lag
» « “V'\ 'e s te r s  of .the dL and (6. fenehyl alcohols* fh# d ispers ion  ra tio
varies ''between 1*06 and 1*71, these  being the  extreme values*
.but in. the m ajority ' of oases the  value i s  1.69' f o r  both s e r ie s  - 
©f es te rs*  -A s t r a ig h t  l i n e  ie  obtained .in .etexy .case when l / ^  
i s  .plotted against \  for.both ser ies, of es te rs*
the  spec if  i s  -and j&olee&lajr rotatory powers-hart been ' 
ca lcu la ted  from the-observed values* . fhe curves of 'the two 
s e r ie s  d i f f e r  somewhat when p lotted ; - in the case of the bo my 1 
eaters »• the. rotation-O f .the format® i s  abnexmally high and - 
those ©f'the ether- e s te r s 'g ra d u a l ly  decrease in  magnitude. ; the 
rotatory power of d.-isobsm yl fox&ate i s  abnormally lews the 
values fo r  the o ther e s te r s  f i r s t  increase  in  magnitude and : 
then f a l l  off* ( see diagram TZ )* t h i s  i s  the case with c< and 
ft> fenehyl a lco h o ls# as w i l l  be remembered* ' A comparison' of 
the values fo r  the corresponding s e r ie s  of e s te r s  is .g iv en  ': - 
belowI* :
ois fenehyl e s t e r  &fenehyl e s t e r  - bom yl ieobom yl ' 
formate *89*67° -12.88° - -5 7 .6 0 0 - -34.87°
Acetate -7fc.73 -16.90 , -60.40 f09*67
Propionate • ' -71*62.' .. - -14.98 ■ -47*40 - -59*48
Butyrate: ; -66*00 '---A : -9.17 ■ -44.65 , -58.10
fh®: curve connecting the  sp e c if ic  rotatory'- powers of the ■ 
bem y l e s te r s  i s  very -.similar to  th a t  .connecting the corresponding 
values f o r  the Isrexyl oC fenehyl e s te r s ,  except th a t  the values 
f o r  the borayl e s te r s  l i e  m  a smooth - curve * w h ils t  the curve'
of the sp e c if ic  ro ta to ry  powers of fenehyl a* a s te r s  shows
es te rs*
fh # 's p e c i f ic  ro ta to ry  powers of the isobom yl e s te r s ,
when p lo tted*  T i m  end th e n 'd e c re a s e m re  rap id ly  in -v a lu e , as
in  the case of the fit'fenehyl w ate r*« w hils t the si ole e a la r
ro ta to ry ' powers, in  hath case® *" do not show much tendency to •■
a r r iv e  a t  a constant value* ;;
' I t  i s  d i f f i c u l t  to ' understand- why; the cu rv es  fo r  th e '
fenehyl e s te r#  show"eueh marhed i r r e g u la r i t i e s #  w h ils t  those :. . .
of th e 'h o m y !  e s te r s  are  p e r f e c t ly  smooth* : A 'possib le  '
explanation l i e s  in  t h e ' f a c t - t h a t  th e  a lcohols  derived fv m
camphor posses* a more, symmetrical s tru c tu re  than, those derived
from fenehon** : I t 'h a s  been s ta ted  b e t  c m  th a t  the asymmetry ■. .
. molecule
of the camphor^ depends on 'th e  presence • of the he tone group# .. , 
whereas th a t  of the  fenehene molecule does not*" th i s  fa c t  ■' 
might explain  the small d iffe rence  in  behaviour between. the , • 
two eerie#  of e s te rs*  ■ ■
» n «• *•
ynlihe the  case* • of "the <  and (6 fenehyl e s te rs*  e thy l . ■ 
a lcohol'and  carton d lsu lp h id e . do not .have opposite a f fe c ts  on '. 
the  ro ta to ry  powers of the h m n ft  and ieobornyl esters*  In : 
the  ease of th e '^ '  and [h fendhyl es te rs#  I t  w i l l • be remembered th a t'pouje.r1^ *■ *t
ethy l a lcohol dep ressed■the ro ta to ry ^ o f- th e  ft> fenehyl e s te r s  
more $hnn carbon; d isu lph idef and th a t  th e  l a t t e r  .solvent
u  1 1
depressed 'the  ro ta to ry  powers of the c< fenehyl e s te r s  m ora. 
than e thy l alcohol* • I t  i *  found th a t  in  the caae# of the  • 
bom yl and..isobornyl. es te rs#  ethyl- alcohol enhsnces:th© rotation*, 
and carbon disu lphide depresses them* ■
thus the b tm y l  and isebo ray l e s te r s  do not follow the 
example of t h e i r  corresponding alcohols# which# as s ta ted  before, 
e x h ib i t . th e  opposite e f fe c ts  which ch a rac te r ise  the fenehyl 
alcohols*
exam ined  *
&
ov] at-em ^ \n
i©§B@3ras©X was prepared by the m%thad -of. Bertram an! ■walbauia 
{.T.pr •3hem« .1894*14 49,15#} * ; Campheno was mixed with '2-| times 
i t s  weight o f 'g l a c i a l  a c e t ic  ac id  and one ten th  of i t s  weight of
o
50# sulphuric a c id ,  and heated a t  §0-6® 0 , f o r  two or th ree  hours
o
"A good y ie ld  of almost in ac tiv e  tsofcomyl. acetate,■■fc#p*107/X3a&iu 
.was obtained* This was hydrolysed by hea ting  f o r  2 i  hours with 
al&oholio cau s tic  potash so lu tion , and the product d i s t i l l e d  in 
■& curren t of ‘steam# ■■•-the re su l t in g  .ieoborneol, which was obtained 
■as a white, c ry s ta l l in e  compound, with.:a oomphor-iike odour*
o
--sup#- 210.c , was converted in to  i t s  hydrogen p h th a l io 'e a te r ,  by
mixing  with p b th a lio  anhydride in  .chloroform so lu tio n , d i s t i l l i n g
• o ff  the - excess of chloroform and - hea ting  'the mixture 'for- 6-? hours
/O
a t  110-15 0# The product was worked up in  the usual manner; ; 
the in ac tiv e  Xooborhyl.hydrogen p h ih a la te - th u s  obtained c ry s ta l l i s e d
o
from; g la c ia l  --acetic.-add in  prism s, .®#p# 168 C*-<- -•
' d-Cinchonine 1*iaobom yl hydrogen _phthalatg - -  the  in ac tiv e  
.hydrogen phthalio e s t e r  ( one moleoule ) was d isso lv ed .in - ethyl 
alcohol "and'the "calculated quantity ( one ©olecuie }' of cinchonine 
added, together with -a l i t t l e  water# ( 'Richard and l i t t le b u y y , .  
«r*C*S#1907»l979# }• On standing, a crop of c ry s ta ls  separated' 
which, a f t e r  seven or. e ig h t-recry sta lllea tio n o , gave, on .-' '
.-.decomposition with ac id , a hydrogen phthmlic e s t e r  which had a
0 o
5 ) , . and m#p# 168' C# 
The purs c inchonine. ©alt © elted . a t  206 C#
-  The o p t ic a l ly  pure s a l t  was decomposed by d isso lv ing  in 
alcohol .and pouring in to  d i lu te  hydrochloric  acid s 'th e  X-isobornyl 
hydrogen p h th a la te  produced was hydrolysed, by heating  fo r  two 
hours with a lc o h o l ic ' sodiu© hydroxide {2-^ molecules )• - The .
1 - ieoborneol was . separated by d i s t i l l a t i o n  with steam and was 
found to possess stup =214 0* and^< |’*34#6 in  3S&3& e thy l alcohol 
so lu tio n , which was unaltered  by ro c ry s ta l l ie ln g  the isobom eol 
frost petrol#.;
constant . ro ta t io n  (\c<( t in  ethy l alcohol = -82*
was prepared by adding the calculated, quan tity  or f in e ly  powoerea 
strychnine',,to a ho t e thy l a lcoho lic  so lu tion  of p a r t i a l l y  ac tiv e  
d^ieohornyl hydrogen p h th a la te ,  obtained from the m other-liquors 
of the cinchonine sa lt*  ...After s ix  or seven reeryst&XXisations, 
the s a l t  was obtained in.. an o p tic a l ly  pure condition* and gave
f  D  O
a/hydrogen .phthalic. e s te r  which hadl^<l-+82#6 and.m*p* -  168 C»
■: The strychnine s a l t  was decomposed by d isso lv ing  In alcohol
pouring in to  d i lu te  ammonia, and allowing to  stand* the
p re c ip i ta te d  strychnine was f i l t e r e d  o ff  and the dUisohomyl
hydrogen .phth& lata .precip ita ted  from the mother*liquors by
ad d ition -o f d i lu te  hydrochloric acid* I t  was f i l t e r e d  .off and
washed in  e therea l so lu tion  with d i lu te  a c id * . .then hydrolysed
with a lcoho lic  caus tic  soda, as before , i t  yielded £-isoborneol
•*
which was separated from .the.mixture by d i s t i l l a t i o n  in a-'current 
of, steam* -..The .product had^&c|*34*6 in ethyl alcohol so lu tio n , and,
o 15
iri*p* 1=1 214.0*
The , e s te r s  of iaoBora.eol*
Several e s te r s  of the d * , and i^ iso b o m eo ls  with the normal 
a l ip h a t ic -a c id  a were prepared* -Xhey. were a l l  made ( except in  
the case of d -isobom yl formate ) by the action, of the acid 
anhydrides. on the alcohol*.' I t  was found, th a t  in  the case of 
isobom eol the use of acid  chlorides and pyridine.was u n sa tis fac to ry  
since th e .re a c t io n  was seldom complete, and even a 'sm a ll  excess
<3
of  isobomeol* m*p* 214,0, was very d i f f i c u l t  to remove by 
d i s t i l l a t io n *  In every case, excess of acid  chloride was used* 
is.oBomyl formate was prepared by heating  ■ isobom eol with
anhydrous formic acid fo r  one hour: loo long heating  gave r i s e  to 
a. sm a ll .quantity.; of camphene* ■ Even a f t e r  the isobom eol and 
form ic.acid  had been heated fo r  15 mine*, & small amount of 
eamphene was produced#
Xhe sp ec if ic  ro ta to ry  powers of the e s te r s  were determined
Thess e s te r s  have .been previously  mads and examined 
{ fsehugaav* Btr*1898*2iX,1775*38,) ' and Ifinguin and.de Bollemont 
{ Qomptm rand# 1902t J J J ,  603*10*)# Pickard and Kenyon . (J*C*S* 
have a lso  examined jUbornyl acetate#  The ro ta to ry  powers, except 
in  the case of j^boxnyl a c e ta te ,  have been measured fo r  one 
wave-length only, namely tha sodium line*  The author has 
the re fo re  repeated the p repara tion  of these e s te r s  and mad© 
measurements with l ig h t  of f iv e  wave*l®ngths, fo r  the purposes 
of comparing these e s te r s  with the corresponding e a te r s ’ of . 
isobomeol*
X*Bomeol*
The n a tu ra l  1-borae.ol used was obtained from Schimmei, and
had
o
= *36*0 in ethy l a lcoho lic  solution* About 100 'grams
t> - ■ .
were converted in to  the.hydrogen p h th a llc  e s te r  by heating  with
o
p h th a lic  anhydride fo r  20 hours a t  130*6 G* The e s te r  was
r ° o
iso la te d  in the  usual manner and had \oCl- *53*6, and m*p* - 162 0*
L Jo .
..The bom yl hydrogen phthalate was converted in to  the 
strychnine s a l t  by adding the calcu lated  amount of strychnine to 
a so lu tion  of the e s te r  in  alcohol*. The strychnine ©alt of 
l*bom yl hydrogen phthalate separated in needles and a f t e r  four
o
r e c r y s ta l l i s a t io n s ,  melted, a t  202 C* and. gave a hydrogen 
p h th a lic  e s te r *56*6, and m*p*=164 C*n>M—•  #  
s a l t  was decomposed, by.pouring the a lcoho lic  so lu tion  
in to  ammonia, f i l t e r i n g  o ff  the p rec ip ita ted , strychnine and 
p re c ip i ta t in g  the jt-bom yl hydrogen ph th a la te  with acid* This 
was hydrolysed with a lcoho lic  sodium hydroxide, and.the re su l t in g  
JLVborneol was d i s t i l l e d  in  a current of steam* The pure product
o
** *37*1, in. e thy l alcohol* 
o
had sup* -  204.C* and pC
which the work was ca rr ied  out*
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Wgt of
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1*
1*
1*4589
1*4596
1 .
1*
1 . 40 
1*
1*
1 * ^  ^  
1*4037
,*451
1*4 
1*
1*46 
1*4007 
1*4010
1*- 
X.< 
1.4a:
1.4619 
1*4615 
1*4623 
1.4023
1.4620
1.4621 1*40
1.4635 1*4
1*
1.
X.
1*4655
1*4658
1*4721
1.4759
1.4608 
1.4613 
1*4526 
1.4635 
1 .
I.- 
1*403? 
1.4642 
1.4654 
1.4666 
1.4071 
1.4074 
1.4738
1.4503
1.4575
1.4585
1.4581
1.4589
1.4590 
1.4593 
1*4602 
1.4617 
,1.4622 
1.4026 
1.4098 
1.4736
"c£ fenchyl foxsaate 
yaaohyl a c e ta te
h i *
^  Peac&yl propionate
fcutyrate
i  i «
oL Wmchyl oetoate
-- t»ioi6 - -*sya(a
X.0000 -  66.00* -7 2 .4 0
1.0200 47.45 62.84
1.0012 44.00 68.23
1.0040 37.95 60.40
1,0060 34.89 46.02
1.0020 33.23 44,21
1.0040 32.67 43.82
1.0000 36.30 41.10
1.0010 27.17 36.48
1.0020 23.15 34.03
1.0050 23.98 32.24
7 6 .4 0 ° -  88.50°-147.20°
65.90 74.90 128.43
62.13 68.72 118.16
53.19 59.86 103.29
49.20 54.87 94.23
46.61 52.68 89.62
45.52 51.49 87.65
42.50 48.30 82.80
37.86 42.66 73.13
35.83 40.32 69.16
32.94 37.11 64.18
/
C^»
»• *•oL
oL 
** •*
foassate
a
^ f e n c h y l  hexoate
Wentity1 hep toata
d< Janebyl. octoata  
, *  • »
v "
i« »<
Penc&yl a
©W4.SA
.in gma n ^ -*6“|ov 
” 4 6 . 0 X
r i  v*- -* ©
” 6 1 * 7 5 °
nL J§^ lrO 
” 6 3 * 9 4 °
lLM i 
 ^ '*Su4i 
~ 7 2 * 5 X ° ”
J
■ 1 2 2 .3 1 "
1 . 0 0 2 0 ..35*93 47 * 3 1  ■ ■ 49 * 1 0 ; 5 5 * 0 9  . 9 2 . 3 2
1*0000 ‘ 3 3 * 2 0 4 3 * 5 0 4 5 * 4 0 , 5 0 * 9 0 . 8 5 . 0 0
X*QQQQ .28 •30.' 38*30/ 4 0 * 0 0 ’ 4 0 . 2 0  \ 7 7 . 0 0
1 . 0 0 0 0 2 5 , 6 0 3 4 * 4 0 3 6 . 4 0  - . 4 1 * 6 0  : 6 8 . 4 0
1 . 0 0 0 0 2 4 . 4 0 3 2 * 9 0 3 5 * 0 0 ' 3 9 . 8 0  : 6 5  . 4 0
x . o o o o . 2 3 , 6 0 ''31*50 3 3 * 0 0  : . 3 7 . 8 0 6 3 . 3 0
l . O Q l b - 2 2 . 1 8 2 8 . 8 7 - . 3 0 . 9 7  ■ 34*87'. . . • 5 8 . 9 4
1 . 0 0 0 0 1 9 . 8 0 2 0  * 1 0 2 8 . 2 0 3 1 . 8 0 . 5 3 . 7 0
X « 0 0 0 0 1 8 . 1 0 2 4 * 8 0 2 0 * 8 0 3 0 . 5 0 ■oG.40
1 * 0 0 0 0 1 6 . 8 0 ; 2 2 * 5 0 2 4 * 5 0 87 .80  : 4 6  * 4 0
format*
a e s ta te
a* .
te
»•!] 
n«
laur&te
-157 •■
141.07
136.68
150.40 121.63 146.*
142.24 116.19
138.11 115.24
,30 125,*
.93 , 135.-
131,97
109.15
.49
2.76 100.30
8.10, 136.96 100.45
135.24, 97.<
151.32 U S .32  135.OS 101*
oC5 ~\Sro
a t  1 9 .5 ,  4*91 a t  51*5, 4*59 a t  74 , 4*29 a t  95#
oC
^  (s>-\0V
5-\V<P
C<5h(s|
3.06 a t 117*
o
5.44 * ^
4*03 a t 117°.
5*67°at 19.5,° 5
,
4*19 a t 116*5*"
o
6*41 a t 3
4.67°a t 116.5* -
11*23°a t 19.5*-
o
8.35 at 116# -
.
0.9739 iat 15> 0
5.17 a t 18#8» 4
3.89°at 114*51
6 .85“at 18.5^ 6
0
5*16 a t 114.5*
? *25° a t 18.5°, 6
6*35° a t 114*6#
0*23°a t 18.5°, 7
6*03° a t 114*5*
o 0
o o
, 9*39
o
a t  74*5* 8#89 a t  94,
53 .5 , 0*916-2 a t  81, 0*8906 a t  110
14*14 . at.-18*5, 12*i 
10*55* a t  114*5*
a t  49*5, 11.87 a t 75, 11.35 a t  9?,
DAt
'S-\%'<3
(X H--b‘5c|
. pfoploila ta  *
0*9614 a t  18.
4.61 a t IS , 4
3*32°a t 125*
6.11 a t 18* 5
0
4*21 a t 125°.
o
6.42 a t 18,° 6
4.53 a t 126*5
7*22°at i s  r  0
o
4.98 a t 128*
12.51 s;t W°9 !
8.69°a t 125*
o
0.1 SI • 3 •
i #3.95 a t  74, 3*64 a t 102,
C5
■ A < <  ,
, 6.43 a t  74, 5.08 s t  102,
.5 , 10.62%Lt 75.57 9 .70°at 102.5
20 .9!
40 .9780
60 .9568
80 .9387
120 .9026
140 .8347
V-* v  'M-—  'V A *  9
070® 6890 5780 540X
f° -10*93° -11*40° -12.88°
10*44 10*87 12*27
7*55
7*27
6*99
6*71
9*55
9*17
10.37 U .i
.91
.54
11*12
10.67
x°c
20 *96.94
40 . ’.9520 
60 ■ *9346
80 *9170
100 *8990
120 *8822 
140 .8650
(b  jMtatra.' AcgfAiE
h
@708 5896
°  0.0*61 —14*09
JU0.
:*81° *-16.90°
,£1 : 13.55 14.22 16.21
13.03 ' 13.70 15 .i
;*52 13.15 . 14.92
>11 l i« i i .2*1
'.71 11.45 12.06 13.1
.3; .94 11.56 12
4359
-22,59°
21,64
20.67
19.80
19,01
18.28
17,66
4359
-29.05
27.92
26.63
25.82
24.60
23.85
22.95
■r 6708 5896 5780 5461' 4359
o
20 ,9601
. , 0
102/llnsia -9 .5 6 -12.67° -13,31 -14.83° -25.92
40 '' ,9430 9.23 12.20 12,83 14.42 24.96
so ;■ ’ .9259 8.88 11.71 12,35 13.85 23.88
80 .9086 8.52 11.20 11.84 . 13.25 22.96
100 : .8912 - 8,15 10.68 11.31 12.63 21.90
120 .8738 7.76 ■ 10 .14 10.78 , -.,1 2 , 0 2 : ; 20.83
140 .8564 7.36 ' 9.57 10.21 11.37 19.70
'P> fSSCHYI, rnntATS.
, . . ; Q: ■ TW • -
Observed ro ta to ry ' p w era  in  the  homogeaaoua s ta te  a t  00 C«(l~50}*A
Wave«length .In A*tl#
Density ,l*Dt
67OS B896 5780 ..... 6461 ■ 4359
03531  X12/lema . -  2*70* -3*56° -8 .7 9 °  ■ -4*37*.- -7  #50°
S pecific’ Rotatory Dowers*
-  5*67 - 7*47 -7*95 -9*17 . -15*74
/o irencsiijj, xozxna^s
' f i  aaet&te
( i f m ®Jsyl propionate 
n-'butyrata
J..UU80 ~ V . / O  7«t*B T**vw —*•*© ~ ® . v »
1.0090 0 .8 2  ,1 .1 2  1 .2 1  1 .4 0  2 .41
1.0020 0 .7 8  1 .0 0  1 .0 5  1 .25  2 .12
 ^ '  -
0*9120 0 .4 2  0 .5 3  0 .5 4  0 .6 0  1 ,01
tec lflo
t (  t l
fi fanchyl fomtato 
"fb fenohyl. aeot&ta 
propion&t* 
pJFeaabyl n**fcutyrata
K
w ' sL J (j'jOV
- 7 . 5 5 °
7  "
1 7L J s 
-  9*75 ° ~
r -a ,5
. Jv\w 
2.0*48°
r i v€
P w ,
- 1 1 .7 4 °
P fL J ^ 5C| 
-20*00 °
8 .13 U *lO IS *00 13.88 20*89
7 .7 8 . 9*98 2,0*48 12,57 21*16
4 .6 1 0*81 5*92 6,58. 11*08
■ t t e M N N p r t f N
1.4576
1*4534
1.4591
1*4601
1*4616
1.4520
Wgt Of
Solvent so lu te
■ in  gm0 ^S sr^
A lc o h o l .. ■ : 1.C005 -  ~2<B2P -5 .7 1 ° -3 .78  °" -4.20° -7 .40°
Cathost, : 1*0001 
.d isu lph ide - .
■ V " -  — 3.18 ■ 4.13 ■ 4.28 ■
■ _ f- '
■ 1 4*83 O ‘^ 2£© * eu-Q
S pecific  &otatery Powers#.. *
W ^ t
37.09
M ,
37.79
W L i
41.98 75.98S thy l alcohol -2 8 .1 9  .
Cayfeoa .disulphid® -51*80 41.30
\
42*80 .48.80 02.30
■•. * V
Observed ro ta to ry  powers# la  a 20Qmm tube# fo r $% so lu tio n s in
ethy l a lcohol and carbon d is u lp h id e . '
' Wgt;of 
Solvent so lu te
in  gms ^ L
i
A lco h o l 1.0640 •^2.89° -3 .68° -3 .7 5 ° -4.21° -7 .1 6 °
Garben 1*0002
d l sulphide
s 1.92 2.39 2.45 2.72 4.60
S pecific . Rotatory Powers^ . 
Btfcyl a lco h o l. -  £7.16 34*59 35.25 39.57
W ^ c ,
.67.30
Garbon d isu lph ide -1 9 .2 0 23.89. 24.45 27.19 48.99.
X*»-©'$STOr 4* X WX'AiiPf j> #v*wy sm-sb^ ww
i-: 
i-
0 .0920 -16 ,03  £1,15 .22,10 25.02 42.22
0,9768 -14,81 19.55 . 20,47 23.15 39.11
0.9674 -13.81 18,11 19.04 21,60 36.39
e ra te  0.9S74 -13i©9 17.20 17.e s  20.29 34,18
1 —' 
X*»J
X*j
3L*«0
[
«5
A
t'■ is -oL 6nojf ’ r> s, ~ is is an4i 43S<^
-3 6 .6 2 ' 4 8 .6 1 ' 50.71 57.60 98.12
-32 .32  42.74 44.66 60.45 85.12
-30 .32  40.03 41,91 47,40 80.08
-28 ,55  37.44 39.36 44.63 75.24
-2 7 ,3 4  35.93 37,35 42.39 71.40
u :
i-]
■x< n*
©
SBeoifiO
1-Eornyl 
1. 
l**^
1 ,0 2 0 4  - 3 . 5 9  - 4 .
1 .0200  -  3 .56  4 ,
1.00S0 - 3 .2 4  4 .
1.005? -3 .0 S  3 .
1 .0104 * 2 .9 5 a.i
H
w
'Xt
X10
6*U [“ ■
- 3 5 .1 8  -■
•  -  29 .20  35,5-
-4 ,83  -5 .4 3 9 #43
4# SO 6 #33 9.24
* '4*39 . ’ 5.02. S.4S
1 4*11: ” 4 #62 7.76
3*?a 4*28 - ' 7 .32
10 p x<> LT
L .
•34° -5 3 #70 ° -9 2 .9 1 °
*m  53.7a ., 90.59
*64 49#91 04.31,
UB7 45 #94 77.16
•41 ' 4$use 72.45
x« cxsai
1- prop
n*?aXerat®
1.0031 - 3*28 -4 .35 -4 .6 8 -5 .2 5 -8 .92
1,0035 -3 .0 3 3.99 4.17 4*71 8 *04
0 .9902 - 2.78 3.50 3.74 4.22 7.12
X.0X43 -2 .5 3 3.22 5 .44 3*92 6.72
X.00XS' — 2.40 3.X*? 3.27 3.72 6.32
X«» 
X«» 
1* 
X- 
C  i -
preg
Mi
r  r  i  ^  -
K ; . ,  h u  t*1,-joir
-3 2 ,5 4 °  —43,16°
2^
X I  , IX J 1+35^
i,20' 39 ,76  -41,56
I
.93 31.7:
46.43 -52*09; > 83 .50  ■
 *3 40.94- *;■ 80*13. ■
57.54 ; 42.30-;; ; 71 .47:
33*90- ■ 33*63 ; 66.22
32.04• • S7.X4--’'; '/63.X0
d-isoBoroyl fo rn a ta  84/15 +11,31“ 14.93 16.48 17.63 30.42
112717 -1 8 .8 6  24.85 26.13 29,55 50.02
W  i f* 9sa t9  U S /IS  +18,71 24.60 25.66 29,14 49.1
1«; t-fcutyrsta 125/14 -18 .08  23.83 24.82 28.17 47.76
1d-l®aBemyl P .-T aisratf 138/14+17.33 23.02 24,20 27.33 43.03
Baaoifio B o ta to rr P o w rt a t  15 S H»S\
*■5
Ci X 1 ]X | w
■*» L  J 4 i o i r  L  J s s - ^ 4 ,  L  j s - \ v o  
1,0136 +22,32° 29.46* 30.55° 34.87° .60,03°
• 0*9905 - 50 . 0© ’ 00 . 1 0 - 52*70 ; 59 #67 101*00
0*9796'+53U 9 ' -00*21, -5 2 .SB *69*46 "100.19
a te  0.9690 -57#41'-. 49.25 51.25 58.15 : 98.!
d-isoB om yl m»YsX©rat© 0.9592'4-50*24 = 48*00 ; 50.46 .60.98 ,• 95.96
f o r a a t * X .0X515 .*+ - &#UV t3 • ■&*? *?. ws?
X*$8oBomy3« a ca ia te 3.*00?8 — 4*04 " 5.55 5.5? - $.22 ' 10.5?
d#icoBor»yX propion&ta 1.001? *4.X2 5.4? 5.82 6.51 10.94
l^lso& om yl n*3tttyraie 0.9954 ■-4.02 5.40 5*50 6.24 10*5?
d^iioB orayl 0*9954 +-4.02 5*28 5.30 6.1?  ^ 10.23
• d«4»*Boniyl to w a t*  . -4- 23*83* , 29.54° 31.02° : 35.35°-: 58.69° 
l^iaoB om yl ae ttm te  -.40*10 .33.09 •55.28 61#?3 ,• 105*89
doldoBorayl pyoploa&ta -V 41.18 54*61 58.10 55.00 '... 109.28
- 40*st 84.23 55.26 ,82.69 106.18
O  4-ls® Bsm yi n - ta le r a ta  +-40.2S 62.66 64.1C- 6 2 . 1 3 1 0 4 . 1 1
o
S pecific
X^iaoBoaroyl ucato
6708 A.fl.
A.U.
5461 A.U. 
4359'A.U.
1.4661 -■ 1.4607
1.4689 
'1.4693 
1
1.4:
1-
1*
-1.4617.
1.4622
1.4710
1.4584. 1.4086
1 1>
1.4618 ■: .1.46*
m i,
1.4716 . 1.4718
. REFRACTIVE ITOIC1S O f 1H1 XS0B0MY1. JSSftHS,
mxuH—inwi i tti nwi iiiwi^ i»iii'»«jMi''l)Mi«i>wi».^ 'i i iw>wir i^ ^ (iin i»iii|ii»~ii»iwi»iai>ii^ iwiwMinwiwfiiWi*wW
in  a Pulffie& 'B efraciom eter a t '20 0 .
6708 A.U
A.U,
5790 A.U.
6461M.U.
form ate. ;: a c e ta te V  ' p rop ionate . :vfcutyrate*-;- v a le r a te .
1*4678 ■-.■ ■''■1*4668
.-1.4712 1 1-
1.4694 ■ 1.4696
1.4619 ;1.4623' / -s 1.462
1.4628 1.
1.4728' ■ 1.4695 c-v ,^. ' ;■ 1.4639 -t " 1.4643":-.-.:""' 1.4645
4359 A.U 1.4814 1 .4y 1*4723 1.4727 1.4729
